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PREFACE 


H. J. Heinz Company has published nutritional literature and related 
educational material for the last twenty-five years with gratifying accept- 
ance. In the course of exploring and developing possibilities for expanded 
material, it was felt that there was a need for a more comprehensive 
work on the principles (a See as applied to dietary practices and 
institutional dietetics, as well as on the role of nutrition in preventive 
and therapeutic medicine—a reference manual with supporting data 
which would be both reliable and useful. Such a definitive treatise would 
attempt to condense and encompass the entire field of human nutrition, 
both in health and in disease, in a concise and authoritative manner. 

It is hoped that this Handbook will be not only a practical addition 
to the armamentarium of the practicing physician,“dietitian, and nutri- 
tionist, but that it may become a reference book and teaching aid for 
teachers and students of nutrition, medicine, nursing, home economics, 
and food technology. We envision periodic revisions of this book to keep 
it abreast of the advances in the fields which it encompasses. 

We recognize that the science of nutrition and its application are 
essentially world-wide in scope. In fact it has immediate interest and 
value to all population groups. The solution of problems of nutritional 
improvement, both in terms of health and economics, appears vital to 
long range betterment of living standards, to prevention of disease, and 
to the advancement of human welfare. We sincerely hope that this 
Handbook of Nutrition will play a continued and useful role in the 
achievement of these objectives. 

Grateful acknowledgment is made to the members of the editorial 
board, all of whom are outstanding and recognized authorities in their 
respective fields of study, for their invaluable and devoted work. 


H. J. Hetwz Il 
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INTRODUCTION 


During the last decade, the science of nutrition has grown progressively 
broader in scope. It has therefore become increasingly difficult to contain 
this multifaceted body of knowledge in one volume and still do justice 
to its various aspects. The subject matter of this book is organized as 
follows: The first part deals with the basic physiology and biochemistry 
of the human body as it relates to food intake and utilization. The second 
part presents the various nutrients, their sources, metabolism, physiology, 
and interrelationships. The third part encompasses human nutritional re- 
quirements and nutrition under varying conditions of health and in 
periods of physiologic stress. The fourth part is devoted to nutrition in 
disease—the relationship between nutrition and specific diseases and the 
practical therapeutic and preventative aspects of special diets. The fifth 
part presents miscellaneous, but essential, aspects of nutrition not directly 
related to the first four subdivisions. 

A determined effort was made to have the material in this book repre- 
sent the mainstream of accepted contemporary scientific and clinical 
opinion. Since a slight degree of empiricism is almost unavoidable in 
dietotherapy, only the most convincing evidence was used for guidance 
in the presentation of special diets. Specific literature references were not 
cited since it was felt that the object of this handbook is to present con- 
cise, up-to-date and accepted information—not to serve as a key to exist- 
ing voluminous literature. Moreover, the knowledge of nutrition and its 
application in medicine is progressing so rapidly that the reader inter- 
ested in a deep study of a specific topic must use current literature 
to keep abreast of all developments. In order to avoid needless duplica- 
tion and to better correlate the subject matter, numerous cross references 
are made from chapter to chapter. 
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THE PHYSIOLOGY AND PSYCHOLOGY 
OF HUNGER, APPETITE, 
AND FOOD INTAKE 


Hunger and Satiety 


The well-known feeling of hunger consists of a series of intermittent, 
brief, cramping sensations of pressure and tension in the epigastric region. 
This may be accompanied by the gradual onset of a feeling of generalized 
weakness and eyen irritability. The early theories concerning hunger, 
appetite, and the regulation of food intake centered around the stomach. 
It was known that an empty stomach caused pangs of hunger, and the 
sensation was correlated with the strange, repeated gastric contractions 
characteristic of this organ when empty. Though nobody disputes the 
relationship between hunger pains and an empty stomach, this mechanism 
alone is inadequate as an explanation of the regulation of food intake 
as a whole. Experience has shown that the physical gastric sensations of 
hunger can be decreased or abolished by smoking, drinking of cold water, 
and cinching of the belt, though none of these maneuvers involves the 
intake of solid food. Moreover, partial gastrectomy or even total removal 
of the stomach does not interfere with the food intake of laboratory 
animals’ or man’s drive to eat. Section of the vagus nerve, the splanchnic 
nerves, and the spinal cord, though severing the motor and sensory 
connection between the stomach and the central nervous system, does 
not impair the desire for food intake. Animals thus denervated still re- 
spond to the administration of insulin with increased food consumption 
and decrease their intake when given amphetamine drugs. 

The gastric hunger sensation certainly serves as a powerful stimulus 
for the initiation of feeding; however, it does not regulate the amount 
eaten during any one feeding period since, as a rule, hunger pangs cease 
with the onset of the meal. Gastrointestinal mechanisms have also not been 
able to account for variations in the amount of food eaten when the 
nature of the diet is changed. The extent of gastric filling per se ap- 
parently does not govern the total food intake either, since most people 
do not gorge themselves ad nauseam but stop before the absolute physical 
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capacity of the stomach is reached. Thus gastric mechanisms alone fail 
to adequately explain the regulation of food intake. 


Hypothalamic Regulation 


Experiments with laboratory animals and observations in man have 
led to the now commonly accepted belief that the hypothalamus houses 
the central nervous system center or centers which govern the urge to eat. 
Hypothalamic lesions in human beings may cause abnormal obesity pro- 
duced by extreme overeating. A similar pathological hyperphagia with 
subsequent obesity can be precipitated in laboratory animals through me- 
chanical destruction of minute areas in the hypothalamus or by electric 
stimulation of certain hypothalamic regions. In contrast to the abnormality 
produced through destruction of medial areas in the hypothalamus, which 
results in the animal ravenously attacking its food, destruction of more 
lateral areas on both sides of the brain will leave the animal without any 
urge to eat, and it will die of starvation. This has been interpreted to 
mean that two distinct regulatory centers are involved, a facilitatory 
center which governs appetite, or the urge to eat (appetite center), and 
an inhibitory center which acts on the appetite center to prevent over- 
feeding and thus determines satiety (satiety center). 

It has been suggested that the hypothalamic regulatory centers react 
to changes in the composition of blood in a fashion not unlike the respira- 
tory centers in the medulla, which are receptive to changes in the blood 
carbon dioxide levels and which either stimulate or depress respiration, 
depending on the need to clear the accumulating carbon dioxide from 
the blood. A similar mechanism has been postulated for the hypothalamic 
appetite regulating centers. The level of glucose in the blood is increased 
after absorption of a meal. The tissue cells utilize blood glucose continu- 
ously, and as a result of this withdrawal, a difference exists between the 
concentration of blood glucose in the arterial and venous blood. This 
difference is likely to be great in the absorptive state when food is still 
present in the intestine. In the postabsorptive state, the utilization of 
glucose in the body continues as heretofore, but the supply of additional 
glucose from food absorption is gone and smaller measured quantities 
of glucose are now made available from liver and muscle glycogen re- 
serves. At this point the difference in glucose concentration in arterial 
and venous blood is likely to be quite small. It has been suggested—and 
this hypothesis is not accepted by all investigators in the field—that 
special glucose receptor cells in the hypothalamic centers are responsive 
to the arteriovenous glucose difference; presumably they initiate the 
craving for food when this difference is small and inhibit this urge when 
the difference becomes large again, that is, after food has been ingested 
and when active absorption of fresh nutrients into the blood stream takes 
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place. Other investigators feel that the importance of the glucostatic ex- 
planation of the regulation of food intake has been overemphasized as 
the dominant factor; blood levels of amino acid and fats are probably 
equally important. 

There is no doubt that a multiplicity of additional factors is involved 
in the regulation of food intake which may override involuntary, automatic 
regulatory mechanisms. These factors are associated with man’s environ- 
ment, habits, social customs, and conscious or unconscious emotional 
drives, none of which are too closely tied to basic physiologic phenomena 
like gastric contractions or blood glucose levels. 


Psychologic Aspects of Appetite and Food Intake 


Appetite and hunger are far from synonymous. Man’s urge to continue 
eating an excellent meal may still exist long after the initial hunger 
sensation has ceased. The factors which make up appetite are to a large 
degree psychologic. The components of appetite are based on our past 
experiences and associated memories and go back to our early childhood 
days, whether they are consciously remembered or not. The nature of 
our memories concerning early exposures to food and associated or coin- 
cident experiences will determine our likes and dislikes and establish 
individual food patterns which are not necessarily based on any logical 
consideration. Early training with respect to quantity and quality of food 
intake tends to be carried over into adulthood. Families which encourage 
eating of large amounts of “mom’s good home cooking” may well set a 
tendency for later food indulgence and perhaps eventual obesity. On the 
other hand, spartan environments which discourage excessive physical 
gratifications, including the pleasures of food, tend to mold a more ascetic 
and often more athletic type of personality, with less liberal food habits. 

Normally, a child who receives adequate emotional gratification of 
its need for familial love and affection, along with satisfactory fulfillment 
of its physical need for food, has a good chance to develop mature atti- 
tudes toward foods and food intake in later life. In many cases, disorders 
of appetite in infancy or adulthood serve unconscious purposes connected 
with inner personality conflicts. The physical hunger of the child for 
food and his emotional hunger for love and affection are not always kept 
apart, or compartmentalized, in the personality structure of the growing 
individual, and substitution mechanisms may develop where food be- 
comes a physical expression for love and acceptance. The poorly ad- 
justed adolescent girl who feels rejected by her group may find solace 
in oral gratification and develop a pattern of overeating as a crutch for her 
neglected ego. Many adults who are hungry for acceptance and recogni- 
tion and whose need for affection is not adequately met try to resolve 
this conflict by increased food intake; finding no better outlet for his 
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frustration, the person may overeat to compensate for his unmet needs. 
Eating good food entails experiencing sensory pleasure; oral gratification 
serves well to decrease tension and reduce anxiety and compensates for 
frustrations and a sense of dissatisfaction with one’s fate. This back- 
ground for overeating and obesity must be taken into consideration if 
a weight reduction program is to be successful beyond the initial suc- 
cess due to strict adherence on the part of the patient to a reducing 
diet. Psychologic supportive therapy may be needed to give the patient 
enough insight so that he may make a permanent change in his food 
intake pattern. 

Psychogenic hypophagia is not as prevalent as emotionally induced 
hyperphagia; nevertheless it exists in more instances than is suspected. 
A person with an unrequited need for love and recognition who suffers 
from the unhappy sense of social isolation may become depressed and 
withdrawn and may progressively lose his natural desire to eat to a 
point where anorexia, low food intake, and borderline malnutrition be- 
come a problem. The disease entity anorexia nervosa is an extreme 
example of a condition where self-induced starvation, leading to cachexia 
and even death, are physical manifestations of unresolved psychologic 
conflicts. Fortunately, the severity of this disease picture is not ap- 
proached by the majority of persons with decreased appetite and food 
intake conditioned by conscious or unconscious emotional problems. How- 
ever, it is easily understood how an emotionally deprived child—to use 
a frequently occurring example—can express his frustration and sense 
of loss in a decreased appetite and refusal of food and a pattern of low 
food intake which is carried into adulthood. 

Just as the early psychologic background may influence appetite and 
food intake patterns, early food experiences may leave their stamp on 
the developing personality. A child reared in an atmosphere where food 
is not plentiful and where he must put up a strenuous fight to receive it 
may carry over into his adult life attitudes of suspicion, insecurity, and 
doubt, even after his circumstances are-such that the supply of food is 
not in question. In the adult, long-term deprivation of food may bring 
forth personality changes of a more temporary nature. The characteristic 
picture of semistarvation neurosis found among starved prisoners of war 
or inmates of concentration camps includes depression and irritability, 
resentment of physical activity, a loss of personal initiative and sexual 
drive, social introversion, and an overlying mental preoccupation with 
food. A lesser but similar emotional trend is developed when a person 
is placed on a reducing diet. It is a well-known fact that the subject will 
be able to endure his fight to eat less much better when he can compen- 
sate for the self-induced or physician-imposed loss with some other 
gratification, such as the mood-improving amphetamine drug prescribed 
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by his physician. Conversely, many smokers who embark on a rigid pro- 
gram of self-denial with regard to smoking develop an active appetite 
and increase their food intake way above their usual norm. 

Any discussion of disorders of appetite would be incomplete without 
the mention of pica, the desire to ingest bizarre items such as chalk, sand, 
insects, clay, slate, etc. In the case of pregnant women, the sudden craving 
for particular foods—pickled onions or candied lemon peel—is unexplain- 
able on a physiologic basis and is looked upon as psychogenic. The 
bizarre cravings or sudden spurts of appetite are interpreted as attention 
getting mechanisms or expressions of frustration because of inadequate 
recognition or love from the immediate family, particularly the husband. 
The cravings of pregnancy are self-limited and invariably disappear after 
delivery. The ingestion of bizarre food items by children—plaster, chalk, 
and the like—are being interpreted by some as representing an instinctive 
fulfillment of a physiologic need for particular nutrients, especially cal- 
cium. This, as well as the broader subject of instinctive choice of the 
“right” foods by man in modern times, is best left open to question. 


Food Patterns 


The formation of food habits begins in early childhood. Well before 
puberty, children tend to imitate adult habits to which they are ex- 
posed daily. A variety of factors—family influence, economic necessity, 
religious or national customs—all impinge on the individual and mold 
his food pattern. By the time adulthood is reached, personal food habits 
are apt to be fairly rigid; long-standing habits and a reluctance to ven- 
ture into untried fields add rigidity to the individual’s choice of foods, 
and the pattern becomes even more set with advancing age. If this pat- 
tern happens to meet the nutritional requirements of the individual, ad- 
herence to it ensures physiologic well-being; too often the tenets of 
optimal nutrition have little to do with the development of personal food 
habits, to the subsequent detriment of the individual. Nutrition education 
in childhood, through both the teacher and the parent, can direct the 
developing food pattern into nutritionally desirable channels; the earlier 
this is done, the better the results. The most important immediate target 
for such efforts is probably the postpubescent girl, who may soon bear 
children and whose future role in managing food for the family and as 
educator of her young thrusts her into the key position in developing 
food habits. 

Climate, geography, and soil conditions play a large part in determin- 
ing the availability and therefore the choice of foods. Agricultural neces- 
sity makes corn the staple food of Mexico, rice that of China, and wheat 
that of the United States, Canada, and Europe, and basic national food 
adherences are formed accordingly. Modern methods of food technology 
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coupled with the availability of transportation, population shifts, and 
the world-wide influence of media of communication and information 
tend to make a wider choice of foods available throughout the year. Thus 
oranges are no longer a rarity in Scotland or Minnesota, while canned 
cow's milk may be found in the tsetse belt in Africa. Spaghetti, and be- 
fore that tomatoes, were once looked upon as strictly Italian foods, but 
the tomato has established itself as an American staple and spaghetti is 
gradually doing the same. Economic factors determine food choice by 
necessity and make for an unequal distribution of the more nutritious 
(and usually more expensive) food items not only within each country 
but in the world at large, where dairy products and meats are much 
more prevalent in the more prosperous countries and rare in the un- 
developed areas. Social mores have a bearing on food choice as well as 
on mealtimes, and religious customs have always had a profound influence 
on food patterns. Last but not least, fashions and fads may set food 
patterns, though happily they usually do not attract large sections of the 
population for long periods. 

In summary, it may be said that man’s food intake, both qualitative 
and quantitative, is subject to a large number of determining factors, any 
one of which may impede his well-being to some degree. It is one of the 
functions of applied nutrition to adjust these factors so as to assure his 
maximum physiologic welfare. 


CHAPTER .) 


THE PHYSIOLOGY OF THE 
GASTROINTESTINAL TRACT 
AND DIGESTION 


The term food embraces those substances which are taken into the body 
to support growth, maintain body functions, repair or replace tissues, 
and provide energy. As a rule we regard as foods only substances which 
enter the body through the alimentary tract, though, strictly speaking, 
oxygen fits into the definition. 

The preliminary steps in the utilization of foods often involve profound 
physical and chemical changes which are essential to render the nutritive 
substances digestible and absorbable. 


Mastication 


In the mouth food undergoes repeated maceration through the grind- 
ing and crushing action of the teeth. Simultaneously, the food mass is 
being moistened and softened by saliva. Saliva acts as a lubricant and thus 
aids in swallowing; it also serves a chemical function since it contains 
ptyalin, a starch splitting enzyme, which hydrolyzes starch into dextrins 
and maltose. This action depends on a neutral or alkaline pH and is 
inhibited by an acid environment; it starts in the mouth and is brought 
to partial completion in the stomach and small intestine since the masti- 
cated food does not remain in the mouth long enough, nor is it alkaline 
or neutral for very long in the stomach. 

In the mouth the moistened and macerated food comes into intimate 
contact with the end organs for the sense of taste, located in the tongue 
and palate. If agreeable, the taste sensation (really the result of the com- 
bined action of taste and smell) serves as a psychic stimulus for continued 
food intake. It also serves the important purpose of stimulating the flow 
of gastric digestive juices. The mouth is instrumental in preservation of 
the body’s water balance; the drying of the oral mucous membranes 
arouses the sensation of thirst, which serves as a protective mechanism 


against dehydration. 
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Deglutition 

After mastication has been completed the food bolus is placed far 
back upon the tongue, at which point reflex swallowing contractions force 
the food backward and downward through the pharynx, the common 
air and food passage, into the upper part of the esophagus. With the 
initiation of deglutition the individual loses voluntary control over the 
fate of the ingested food until he is ready to expel the unusable portion 
of the ingesta. 

Once the food bolus has reached the upper region of the esophagus, 
a wave of contraction propels it toward the distal end, where the cardiac 
sphincter, a circular ring of muscle, guards the entrance to the stomach. 
This may open to permit immediate entrance to the food or may await 
the second peristaltic wave to admit food from both waves simultaneously. 


The Stomach 


Three main divisions of the stomach are recognized: the upper, cardiac 
portion; the large rounded pouchlike main body, the fundus; and the 
lower outlet, the pylorus. The fundus serves to store food and is the site 
where the major portion of gastric juice is secreted and the largest part 
of gastric digestation occurs. The muscular pyloric region and its sphincter 
provide the mechanism for manipulation and expulsion of the gastric 
contents at the proper time. The semisolid food aggregates which enter 
the stomach accumulate in a somewhat stratified mass. That which entered 
first spreads out toward the periphery, while that which was swallowed 
later remains in the center of the mass. This arrangement of the ingesta 
permits the center of the mass in the fundus to remain alkaline or neutral 
and to continue salivary digestion for 30 minutes or more. In the mean- 
while, gastric digestion begins in the outer layers. The acid gastric juices 
are gradually worked into the mass by tonic contractions. Eventually, 
peristaltic waves which begin at about the middle of the stomach break 
up the food aggregates and sweep them toward the duodenum. These 
contractions vary in depth and strength; their tempo increases as digestion 
progresses. 

The pyloric sphincter is a powerful ring of muscle located at the lower 
outlet of the stomach. Normally it is quiescent and relaxed, but it con- 
tracts strongly when a peristaltic wave approaches it. The sphincter opens 
after three or four peristaltic waves and permits the chyme, the thoroughly 
mixed and liquefied acid food mass, to be propelled into the duodenum. 
Subsequently the sphincter will remain shut until the chyme in the 
proximal part of the duodenum has changed from an acid to a neutral 
pH. In addition to resisting untimely gastric evacuation, the pyloric 
sphincter normally prevents any except minimal duodenal regurgitation. 

Ordinarily, portions of the average mixed solid meal remain in the 


THE PHYSIOLOGY OF THE GASTROINTESTINAL TRACT AND DIGESTION 1] 


stomach three to four and a half hours. In contrast to solid foods, liquids 
seem to take the path of least resistance and remain in the stomach for 
very brief periods only. Gastric peristaltic contracture is influenced by 
both the nature of the food and by emotional mechanisms. Of the solids, 
fats display an inhibitory action on gastric motility and evacuation; they 
pass through the stomach at a slow rate. Proteins traverse the stomach 
somewhat more rapidly, and carbohydrates pass through it still faster. 
Hostility, anger, and resentment may result in contractile gastric hyper- 
function; fear and depression, on the other hand, may result in gastric 
hypofunction and hypomotility. 


Gastric Digestion 


The gastric mucosa secretes hydrochloric acid, mucin, water, and a 
number of enzymes: (1) pepsin, which digests proteins, (2) rennin, 
which curdles milk, and (3) gastric lipase, which has a relatively weak 
lipolytic effect. Another proteolytic enzyme in gastric juice, gastricsin, 
has been described and characterized. It is said to account for about 
half the proteolytic activity of gastric juice. The normal gastric mucosa 
also elaborates a substance of protein or polypeptide nature, which facili- 
tates the absorption of vitamin B,. (Chap. 11). The chief digestive 
action of the stomach is the splitting of proteins. This takes place in an 
acid medium only, at an optimum pH of 1.5, and is facilitated by the 
hydrochloric acid secreted by the parietal cells of the gastric mucosa. 
The proteolytic action of gastric pepsin is limited and does not go much 
beyond the formation of proteoses and peptones, relatively large inter- 
mediates in the breakdown of protein molecules to their component 
amino acids (Chap. 7). Rennin splits the principal milk protein casein 
into soluble paracasein, which forms an insoluble curd in the presence 
of calcium. In addition to these changes, the amylolytic action of the 
salivary enzyme ptyalin continues in the central parts of the food bolus 
which have not become acidified. 

Gastric mucin serves as a mechanical lubricant and emollient and may 
protect the mucosa against the acid digestive juice through its local 
buffering effect. 

The secretion of gastric juice is stimulated by psychic, nervous, chemi- 
cal, and mechanical factors. Smelling or tasting food, as well as seeing or 
thinking about it, may initiate gastric secretion. Conversely, anger, fear, 
and excitement or repulsive sights and odors tend to inhibit the flow of 
gastric juice. A direct mechanical stimulation of gastric secretion is 
caused by the distention of the stomach musculature by the food. Chemi- 
cal stimulation of the gastric mucosa has a much more pronounced effect; 
proteoses and peptones, meat extractives and broths evoke a copious 
secretion. The postulated mechanism for this excitation involves the for- 
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mation of a hormone, gastrin, in the pyloric mucosa in the presence of 
food and particularly protein breakdown products; gastrin is then ab- 
sorbed into the blood stream and carried to the cells of the fundus, 
where it excites secretion of gastric juice. 

The gastric glands are also subject to humoral control originating in 
the duodenum. The contact of food or protein split products with the 
duodenal mucosa will excite an increased flow of gastric juice. Conversely, 
gastric secretion is decreased when ingested fats reach the small in- 
testine. 

A discussion of gastric physiology would be incomplete without men- 
tion of the protective action exerted by the highly acid gastric juice in 
destroying or inhibiting the many and varied microorganisms which ac- 
company normal food intake. The bacteriocidal or bacteriostatic action 
of the stomach secretions probably constitutes the body’s first and major 
defense against food-borne infection; it also aids in maintaining quali- 
tative stability in the intestinal flora distal to the stomach. 


The Small Intestine 


The most important digestive processes take place in the small intestine, 
and most of the end products of digestion are absorbed into the blood 
stream here. After passing into the intestine, the chyme is subject to 
a variety of muscular movements. Two types of peristaltic waves propel 
the chyme caudally: (1) sluggish contractions, moving slowly for short 
distances of the intestine, and (2) sweeping rush waves which carry the 
intestinal contents for longer distances. In addition, the chyme is mixed 
and brought into intimate contact with the intestinal mucosa by segment- 
ing movement, rhythmic annular contractions which repeatedly divide 
and subdivide the food mass. 

The digestive secretions in the small intestine come from three sources: 
the pancreas, the glands of the intestinal mucosa, and the liver. 


Pancreatic Secretions 


The pancreatic secretions contribute several enzymes: 

L Trypsin is a strongly proteolytic enzyme capable of splitting pro- 
teins into polypeptide fragments. Trypsin appears to attack only specific 
linkages in the interior of a native peptide chain, those next to arginine 
or lysine moieties. Trypsin is secreted by the pancreatic cells in the form 
of the inactive precursor trypsinogen, which is converted into the active 
enzyme trypsin in the presence of enterokinase of the intestinal juice. 

2. Chymotrypsin is secreted as the inactive precursor chymotrypsino- 
gen. Chymotrypsin, like trypsin, splits proteins into polypeptide fragments 
and attacks only specific linkages in the interior of a native peptide chain, 
those next to tyrosine, phenylalanine, tryptophane, or methionine. 
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3. Pancreatic carboxypeptidase hydrolyzes polypeptides into smaller 
peptides and amino acids. This enzyme specifically attacks peptide link- 
ages next to a terminal amino acid (on a polypeptide chain) which pos- 
sesses a free carboxy group, splitting off single amino acids from the chain. 

4. Pancreatic amylase hydrolyzes starch to dextrins and maltose. 

5. Pancreatic lipase is a fat splitting enzyme which hydrolyzes fats 
to glycerol and fatty acids, probably through the stages of mono- and 
diglycerides. 

Pancreatic secretion is under both nervous and humoral control. Nerv- 
ous stimulation, conditioned by the cephalic sensations associated with 
food intake, is not extensive. The major stimulation for secretion of pan- 
creatic juice is through secretin, a hormone liberated by the intestinal 
mucosa when it comes in contact with the acid chyme from the stomach. 
Secretin enters the blood stream and is carried to the pancreatic cells, 
where it stimulates active secretion. 


Intestinal Secretions 


The succus entericus, or intestinal juice, is secreted by the glands of 
the intestinal mucosa. Mechanical stimulation of the wall of the intestine 
promotes active secretion of the succus entericus. A hormonal stimulatory 
mechanism has also been demonstrated. The hormone enterocrinin is 
elaborated in the intestinal mucosa in the presence of the chyme and 
appears to activate the cells of the intestinal glands directly. 

The intestinal juice is alkaline in reaction. It contributes the following 
digestive enzymes: 

1. Peptidases, which hydrolyze polypeptides into smaller peptides and 
amino acids. In contrast to pancreatic carboxypeptidase, intestinal pepti- 
dases specifically attack peptide linkages next to a terminal amino acid 
which possesses a free amino group, splitting off single amino acids from 
the chain. 

2. Phosphatases, which hydrolyze phosphorilated compounds like hex- 
osephosphates, glycerophosphates, and nucleotides into inorganic phos- 
phate and the organic component of the molecule. 

3. Carbohydrases, which split disaccharides like maltose, lactose, and 
sucrose into their respective monosaccharide components, liberating glu- 
cose, galactose, and fructose. 

4, Intestinal lipase, a fat splitting enzyme of relatively little importance. 


Bile 

Bile is secreted by the hepatic cells and accumulates in the gallbladder 
during interdigestive periods. The gallbladder mucosa concentrates the 
dilute biliary secretion through selective reabsorption of water. Both 
hormonal and nervous mechanisms cause the gallbladder to empty; the 
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latter pathway is apparently of lesser importance. The presence of certain 
food components, especially fats, in the small intestine initiates the elabo- 
ration of cholecystokinin in the intestinal mucosa. When brought to the 
gallbladder by the blood stream, this hormone specifically causes con- 
traction of the storage organ and evacuation of the concentrated bile into 
the duodenum via the common duct. 

Bile contains the bile salts sodium glycocholate and taurocholate, bile 
pigments, lecithin, and cholesterol. It does not contain digestive enzymes 
of importance, but is of extreme significance for proper digestion and 
absorption of fat by virtue of its efficient emulsifying action. The bile 
salts lower the surface tension of large fat globules and particles in the 
semiliquid intestinal contents and thus facilitate their subdivision into 
progressively smaller globules under the constant mechanical churning 
action of the small intestine. Consequently, the food fat is reduced into a 
fine emulsion which exposes an enormously increased surface of fine 
fat globules to the saponifying action of pancreatic lipase. The bile salts 
also facilitate the solution in the aqueous medium of the long-chain fatty 
acids which are liberated by the hydrolysis of fats to fatty acids and 
glycerol. In the absence of bile, neither partially hydrolyzed fat (mono- 
and diglycerides) nor fatty acids can traverse the mucosal barrier into 
the blood and lymph vessels of the intestine. The absorption of the fat 
soluble vitamins and carotenes also depends on the presence of bile salts. 

The bile pigments play no part in the digestive process. Bilirubin and 
biliverdin are hemoglobin breakdown products which are formed in 
cells of the reticuloendothelial system. The bile serves mainly as a 
pathway of excretion for these pigments, which lend their color to the 
feces. 

Normally the liver converts significant amounts of cholesterol to bile 
salts, and this bile constitutes a major route of disposal of this substance. 
A relationship between the conversion of excessive amounts of cholesterol 


to bile salts and the maintenance of blood cholesterol levels is highly 
probable. 


The Large Intestine 


The large intestine serves as the terminal reservoir of the gastro- 
intestinal tract. It absorbs the last remaining digested food constituents 
and actively reabsorbs any excess fluid from the semiliquid digested mass. 
Most of the water and dissolved electrolytes were secreted into the food 
mass by the more proximal parts of the gastrointestinal tract, and this 
function of the large intestine is essential for the body’s water and elec- 
trolyte economy. A certain amount of active excretion of substances from 
the blood stream into the visceral lumen may take place here as well. 
The large intestine also serves as an incubator which permits bacteria to 
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degrade some materials which were resistant to the previous process of 
digestion. 

The movements of the colon are relatively sluggish in comparison with 
those of the small intestine. To a certain extent the contents of the 
large intestine move caudally because of the pressure exerted by the 
material expelled from the ileum. Weak peristalsis can be demonstrated 
throughout the length of the large intestine; however, antiperistaltic 
waves have also been observed in the proximal portions. The function of 
such waves would be to retard the passage of material which has been 


insufficiently dehydrated. 


The Intestinal Flora 


The microbial population of the large intestine and cecum plays a 
more important role than has been ascribed to it in the past. Experi- 
mental animals whose intestinal flora has been significantly altered or de- 
pressed with the aid of antibiotics have exhibited a wide spectrum of 
deficiency syndromes, attesting to the fact that they are normally de- 
pendent on synthesis of several essential nutritional factors by the normal 
microbial population which inhabits the large intestine. The synthesis of 
vitamin K, vitamin By, thiamine, biotin, folic acid, and perhaps niacin by 
the intestinal flora has been indirectly demonstrated in this fashion in 
laboratory animals. 

The establishment of an intestinal flora in the human newborn alleviates 
his hypoprothrombinemia through the elaboration of vitamin K in the 
large intestine (which is absorbed and subsequently facilitates pro- 
thrombin synthesis in the liver). Part of the human vitamin Bj. and 
thiamine requirements are probably satisfied in a similar fashion, as is the 
(still somewhat doubtful) requirement for biotin. The human need for 
many vitamins of the B complex varies with the nature of the ingested 
carbohydrates. In contrast to refined mono- and disaccharides, complex 
polysaccharides and sorbitol seemingly lower the B complex requirement 
by causing changes in the intestinal microflora which are inducive to 
increased absorption or bacterial vitamin synthesis. Conversely, the pres- 
ence of thiamine splitting bacteria in the intestinal tract will increase 
the thiamine requirement of the individual harboring such an organism. 
The thiamine blood level of patients suffering from “thiaminase disease” 
is significantly lower than that of normal persons; thiamine given orally 
to the patients is actually decomposed by a specific thiamine splitting 
enzyme elaborated in the intestinal tract by such organisms. 


The Feces 


Up to one-third of the human feces is composed of bacteria originating 
in the large intestine. The rest is composed of cellular material desqua- 
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mated into the lumen of the gastrointestinal tract, intestinal secretions 
and excretions, and to a smaller extent unabsorbed food residues. The 
residue of indigestible cellulose is greater when large amounts of fruits 
and vegetables are eaten. Cellulose contributes little or nothing of nu- 
tritional value per se to the body. However, it is desirable to have some 
indigestible residue left in the lower gastrointestinal level to maintain 
muscle tone of the colon and to keep it functioning normally. If the bulk 
of material in the lower intestine is too small, there is little stimulation 
for the intestinal musculature to move the residue along and procure 
evacuations frequently enough to make for intestinal well-being. 


CHAPTER 3 


ABSORPTION, CELL METABOLISM, 
AND EXCRETION 


Gastrointestinal digestion and absorption of nutrients in the human is 
extremely efficient. The fecal excretion of protein, carbohydrate, and fat 
constitutes only a very small percentage of the oral intake of these sub- 
stances. The nitrogen content of the feces is practically independent of 
the quality of dietary protein; it is usually about 1.5 grams per day and 
rarely exceeds 3 grams daily in the healthy individual. (Pancreatic dis- 
ease with concomitant impaired protein digestion or an excess of in- 
digestible roughage in the diet will, however, result in higher fecal nitro- 
gen figures.) Evidently, the fecal nitrogen is derived primarily from the 
bacterial residue and the secretions of the gastrointestinal tract. 

Ordinarily, more than 95 per cent of the dietary fat is absorbed, and 
only negligible quantities of carbohydrates are found in the feces, even 
when the carbohydrate intake is high. 


Gastric Absorption 


Absorption of nutrients from the stomach is practically nonexistent. 
Even water passes through this organ, to be absorbed subsequently in 
the intestine. Alcohol constitutes the main exception; it is absorbed to a 
large extent from the stomach. 


Intestinal Absorption 


Practically all the absorption of nutrients takes place in the intestine, 
most of this in the small intestine. Preliminary gastrointestinal digestion 
has broken down proteins, carbohydrates, and fats into more soluble, 
simple compounds of smaller molecular size which are capable of diffusion 
through the semipermeable mucosal barrier into the network of intestinal 
capillaries and lymphatics. Absorption is thus concerned with amino acids, 
fatty acids, glycerol, monosaccharides, minerals, and vitamins and their 
transportation across the cells of the intestinal mucosa into the circulation. 
This process is far from being a passive diffusion of solutes governed only 
by the physical factors involved. In a simple collodion membrane system 
the factors influencing diffusion from one compartment to the other are 
permeability of the membrane (which depends primarily on size of the 

17 


18 UTILIZATION OF FOODS 


pores), diffusibility of the solute (which depends primarily on the size 
of the molecule), concentration of the solute on both sides of the mem- 
brane, surface tension, temperature, and electrical membrane potentials. 
To a large extent these factors are also operative in the passive diffusion 
of soluble nutrients across the mucosal barrier. However, transit of nu- 
trients from the intestinal lumen to the blood and lymph is also subject 
to the forces exerted by the living properties of the mucosa. In many 
instances absorption from the gut runs counter to the laws of simple dif- 
fusion because of the active participation of the epithelial cells in trans- 
portation of the nutrient across the mucosal barrier and chemical trans- 
formation of the nutrient in the mucosal cells before it passes into the 
circulation. 

The absorption of individual nutrients is discussed in later chapters 
dealing with the various food constituents. 


Transportation 


Once the various nutrients have entered the blood stream, they are 
carried to the liver by way of the portal vein and from there to the 
tissues. Fat which has passed into the lymphatics is carried into the tho- 
racic duct, the main lymphatic channel draining the intestinal lymph 
vessels, and thence into the venous circulation at large. As the various 
nutrients are swept to the body tissues by the blood, an osmotic exchange 
takes place locally between the capillary blood, the extracellular in- 
terstitial fluid, and the cell which requires the nutrients. The nutrient, 
be it an amino acid, hexose sugar, or mineral salt, is present in the arterial 
capillary blood in a higher concentration than in the interstitial fluid or 
the cell proper. Following the existing concentration gradient, the food 
element diffuses through the endothelial cells which make up the capillary 
wall and dissolves in the extracellular fluid in which the local tissue cell 
is bathed. Following osmotic forces, it then diffuses into the cells, which 
exhibit a lower concentration of the particular nutrient. The transfer of 
oxygen (which should be considered another nutrient) from the arterial 
capillary blood to the cell level follows a similar course, though the 
mechanism involved is somewhat more complicated. 


Cell Metabolism 


Within the individual tissue cell occur the chemical transformations of 
nutrients which are lumped together under the term metabolism—oxida- 
tion and degradation, release of energy, interconversion and transforma- 
tion, synthesis and storage. These chemical reactions are catalyzed by a 
host of specific enzymes which constitute the inherent armamentarium of 
each cell. The complement of enzymes which a cell possesses is specific 
for the particular tissue. For instance, liver cells, charged with the major 
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chemical activity in the body, contain a much wider spectrum of enzymes 
(each one specific for a particular type of transformation) than the 
chemically relatively inert fat storage cells in the human subcutaneous 
adipose tissue. 

The specific nature of the metabolism of each cell is determined by its 
inherent complement of enzymes, its native protoplasmic content and 
cellular structure, surface phenomena, and lesser factors. The rate at 
which cellular metabolic reactions proceed depends on the concentrations 
of the reacting compounds and availability of the enzyme; however, the 
rate is also under the control of hormones, chemical regulators secreted 
by the endocrine glands and carried by the blood stream to the tissues 
on which they exert their regulatory action. Hormones are specific in 
their activity. They influence particular tissues only and regulate specific 
types of reactions; nevertheless, a hormone, although primarily concerned 
with one aspect of metabolism, indirectly influences others as well. Al- 
together, it is evident that the normal balance of cellular metabolism, or 
metabolic homeostasis, depends on an adequate supply of nutrients, on a 
normal synthesis of cellular enzymes which catalyze the cellular trans- 
formations, and an adequate secretion of hormones to regulate their rate. 
Abnormalities and deficiencies in any one of these factors upset the 
metabolic equilibrium of the body. 

Individual enzymes, hormones, and metabolic reactions are discussed 
in later chapters. 


Excretion 


Just as the absorbed nutrients are transported to the cells by way of 
the extracellular fluids, the metabolic end products are swept from the 
cells to the excretory organs by the same fluids. Carbon dioxide and 
water, which are the ultimate end products of the complete degradation 
of carbohydrates (and to a major extent of proteins and fats as well), 
diffuse into the interstitial fluid surrounding the cell, and thence through 
the endothelial cells of the venous capillaries into the venous circulation. 
The carbon dioxide is subsequently eliminated from the venous blood by 
the lungs, and any excess of water in the extracellular fluids is eliminated 
by the kidney (and to a lesser extent by the lungs and skin). Urea, and 
to a much less extent ammonium salts, which are the other ultimate end 
products of amino acid catabolism, are also selectively eliminated by 
the kidney from the circulating blood. The kidney and lungs thus serve 
as the major excretory organs for metabolic end products. To a minor 
extent excretion of some substances takes place into the intestinal lumen, 
either directly or by way of the bile. This will be taken up whenever the 
specific food constituents are discussed, 


CHAPTER 4 


FLUID, ELECTROLYTE, 
AND ACID-BASE BALANCE 


The normal life processes of an organism depend on its ability to main- 
tain a constant internal environment, a state of internal equilibrium, 
or homeostasis, which rules out physical and chemical extremes that are 
detrimental to its welfare. Some of the mechanisms with which the human 
body maintains its homeostasis are touched upon below. 


External Fluid Balance 


Water and electrolytes (ionizable salts) are essential dietary con- 
stituents for normal cell metabolism. The tissue cell is in positive balance 
with regard to water and electrolytes when it accumulates them and in 
negative balance when it loses them. In contrast to the nutritional balance 
of carbohydrates, fats, and proteins, the consequences of abnormal gain 
or loss of water and electrolytes are markedly acute. Water and electro- 
lytes must be supplied to the individual regularly to compensate for the 
obligatory losses connected with the daily normal physiologic processes. 

Water enters the body in the form of imbibed fluids and as a com- 
ponent of most solid foods. Some water is also formed within the body by 
the oxidation of the hydrogen which is a component of the solid nutrients. 
Most conventional solid foods contain between 65 and 90 per cent water 
and thus account for a considerable portion of the daily water intake. 
Water is excreted from the body by the kidney in the form of urine and 
is lost through evaporation from the skin and lungs and as a component 
of the feces. The loss of water through the air expired in the lungs may 
be considerable in a dry climate even though the individual produces no 
visible sweat. Table 1 illustrates the daily water balance in the average 
individual in a temperate climate. 

When fluid intake is restricted or ceases outright, obligatory losses of 
water through the kidney, skin, and lungs continue. The earliest clinical 
sign of water depletion is thirst, which is felt when 2 per cent of the 
body weight, or more, is lost through dehydration. When water depriva- 
tion occurs, the kidney attempts to compensate for it by excreting a more 
concentrated urine which contains more solutes and less water. Under 
more severe conditions of water depletion, the kidney excretes smaller 
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TaBLeE 1. Typrcaut INpIvipvaL Warer BALANCE 


Intake Volume, cc 
ies dat | A ee i rr 1,100-1,200 
Moisture from solid foods........... 500-800 
Water derived from oxidation of foods 

BO Ati ENE P sae aoc wle oes el kas 300-500 
1,900—2,500 
PUNO Rat Nee 5 teak way ake Sein Ss 2,200 

Output 
[Cy ec UY Ln a 1,000-1,300 
SHORE aA haan a eee kan Pee 80-100 
Evaporation from the skin (sweat)... 550-600 
Expired from the lungs as moist air... 370-400 





2,000-2,400 
pole Leathe, ohne OOD ahaa ee 2,200 


quantities of solutes and a still smaller total volume of urine in an effort 
to conserve body water. 

Electrolyte depletion may occur under conditions of abnormal loss 
of body fluids when water alone is being replaced. This may be observed 
when an individual perspires excessively under conditions of hard physi- 
cal labor in a very hot environment and drinks large quantities of water 
to allay his thirst. Under such circumstances, large quantities of sodium 
chloride are lost to the body through excessive perspiration. Other in- 
stances of pathologic electrolyte loss are represented by the acutely ill 
individual who vomits profusely, losing large quantities of chloride (from 
the gastric hydrochloric acid ) with his stomach contents. Another example 
is the person with copious diarrhea who loses electrolytes and other 
secretions from the intestinal tract, or the patient who has a fistula with 
extensive fluid loss, or gastric and intestinal suction with loss of large 
volumes of secretions. Replacement of these body fluids with water or a 
parenteral water-dextrose infusion does not make up for the existing 
electrolyte loss. When water alone is replaced, the kidney will attempt to 
compensate by excreting a dilute urine, conserving the body’s electrolytes 
but eliminating the water. 


The Fluid Compartments and Osmotic Equilibrium 


Capillary walls and cell membranes divide the water of the body into 
three major fluid compartments. The intracellular fluid compartment 
consists of the fluid inside all body cells, the bulk of the body water. The 
extracellular compartment, which contains the remainder, has been di- 
vided into the intravascular compartment, blood plasma, and the extra- 
vascular compartment, the interstitial fluid. The former accounts for about 
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5 per cent of the body weight, and the latter for about 10 to 20 per cent. 
The intracellular fluid compartment represents about 40 to 50 per cent 
of the body weight and is comparatively stable. The extravascular com- 
partment is quantitatively the most elastic; adjustments in its size permit 
the body to maintain the homeostasis of the intracellular and intravascular 
fluids in the face of a sometimes variable fluid intake from the intestine 
and fluid loss via the kidney, skin, and lungs. 

The internal membranes of the body which separate the various fluid 
compartments permit water to traverse them without major restraint. If 
the membrane is freely permeable to a solute present in one compartment, 
this solute will migrate through it and distribute itself uniformly in the 
water of both compartments. In this case the solute has no influence on 
the distribution of water between the compartments. However, if the 
membrane is impermeable to a solute (or relatively so), the partition of 
water on both sides of the membrane is affected by the osmotic pressure 
(or water-retaining tendency) exerted by the solute, which is restricted, 
through selective permeability, to one side of the membrane. 

The cell requires a surrounding fluid medium of relatively stable iso- 
osmotic pressure and molecular composition. The osmotic pressure of the 
extracellular fluid is due to the dissolved solutes, of which ionized elec- 
trolytes are the most important. Na+, Ca++, Cl~, and HCO;~ are 
found in greater concentration in the extracellular fluid, while Kt, Mg**, 
and organic phosphate are found in much greater concentration within 
the cell. Glycogen and nucleoproteins are exclusively intracellular; pro- 
teins, nucleotides, and enzymes are primarily intracellular and found in 
much lesser concentration in the extracellular fluid. In any one compart- 
ment, the sum of cations must equal the sum of anions. The cations so- 
dium and potassium do not readily diffuse across the cell membranes, and 
being the chief cations of the extra- and intracellular fluid compartments, 
respectively, they exert a profound osmotic influence. The shift of water 
from one compartment to the other serves to adjust differences in intra- 
and extracellular osmotic pressures. 

In contrast to the relationship between intra- and extracellular solutes, 
there is a relatively free exchange of all solutes across the capillary walls 
between the blood and the extravascular fluid compartment. Any differ- 
ence in osmotic pressure across the capillary wall is due to the osmotic 
effect exerted by the plasma proteins, which normally cannot diffuse 
across the capillary barrier. When the plasma protein concentration be- 
comes very low, fluid moves from the blood to the interstitial spaces, re- 
sulting in swollen, water-logged, soft tissues. This condition is termed 
edema. Normally the liver maintains sufficiently high plasma protein 
levels through constant synthesis. The osmotic effect exerted by the 
plasma proteins prevents the diffusion of intravascular fluid into the 
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extravascular compartment and also any excessive elimination of water 


from the blood by the kidney. 


Neutrality Regulation 


The carbohydrates, fats, and amino acids are transported in the blood 
to the various tissues as neutral or nearly neutral substances. In addition 
to these nutrients, the blood also conveys oxygen to the cells, This oxy- 
gen provides the means by which the energy of the foodstuffs is liberated 
in the tissues by biologic combustion. In contrast to the neutral substances 
which are the raw materials for these biologic oxidations, the metabolic 
end products are mostly acids or bases and water. Most of the carbon 
contained in carbohydrates, fats, and amino acids is eventually oxidized 
to carbon dioxide, which exists in solution as carbonic acid; the sulfur 
contained in the amino acids cystine and methionine is oxidized to 
sulfate; much of the ingested phosphorus (in the form of phosphate 
esters ) is metabolized chiefly to inorganic phosphate; and the sodium or 
potassium moiety of ingested organic or inorganic salts is liberated as 
cations of a strong base. These metabolic end products diffuse from the 
tissue cells into the surrounding extracellular fluid and would upset its 
hydrogen-ion concentration were it not for compensatory mechanisms. 

In health, the hydrogen-ion concentration of the extracellular fluids is 
maintained between pH 7.35 and 7.45. A number of mechanisms exist 
to ensure a strict regulation of this pH range, which is essential for 
normal body metabolism and function. Probably the simplest available 
mechanism is dilution. When tissue cells produce an excess of COs, the 
concentration of dissolved HCO;~ in the body fluids as a whole is not 
markedly affected, since the total body water is about 70 per cent of the 
lean body mass. The second mechanism for the maintenance of optimal 
pH range is the ability of the body fluids to buffer excesses of cations and 
anions. The blood has several efficient buffer systems which permit the 
transport of acidic and basic metabolites from the site of formation, the 
cells, to the excretory organs, the lungs and kidneys, with minimal in- 
fluence on the hydrogen-ion concentration. These buffer systems in the 
plasma and red cells are HCO3;~/H2CO; and HPO.~/H2PO,~. In ad- 
dition, the plasma proteins act as buffers, as well as the hemoglobin in 
the red blood cells. The third neutrality mechanism involves the direct 
excretion of the metabolites—the elimination of excess CO» in the lungs 
(a process which is regulated involuntarily by the respiratory center ) 
and the selective excretion of excess cations and anions by the kidney. This 
organ excretes a urine of varying pH (4.8 to 8.0) in an effort to maintain 
the blood pH constant; it also synthesizes and excretes NH,* to combine 
with excreted acidic anions to conserve the body’s sodium and potassium 
stores. The constant excretion of acidic anions by the kidney nevertheless 
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makes for some drain of accompanying basic cations, mainly sodium and 
potassium. The supply of basic elements in the metabolic pool is limited 
and must thus be refurnished from an outside source, the food. 


Acid-Base Balance 


_ Foods are said to be acid-forming or base-forming (or acid-residue 
foods and base-residue foods) on the basis of their influence on the pH 
of the urine. Phosphorus, sulfur, and chlorine are elements which form 
acids on ashing or oxidation; the base-forming elements are sodium, potas- 
sium, calcium, and magnesium. Upon oxidation, meat, fish, eggs, cereals, 
and many other protein-rich foods leave an acidic residue of phosphate, 
sulfate, and chloride which must be disposed of in the urine; conversely, 
most fruits and vegetables leave a residue rich in the alkaline cations 
sodium and potassium. The former are thus referred to as acid-forming 
foods, the latter as base-forming because of their mineral elements. There 
are some noteworthy exceptions; because of its high calcium content, 
milk leaves a basic residue despite its high protein content. Plums, prunes, 
and cranberries contain relatively large amounts of benzoic acid. In con- 
trast to most other organic acids which enter the carbohydrate metabolic 
cycle and are either oxidized to carbon dioxide and water or stored as 
glycogen or fat, benzoic acid is converted in the liver to hippuric acid 
and eliminated as such, lowering the pH of the urine. These fruits are 
thus acid-forming exceptions to the rule. 

The use of acid or base-forming diets as an adjunct in the treatment 
of certain diseases is discussed in the appropriate chapters. 


CHAPTER 5 


ENERGY METABOLISM 


Man’s food furnishes the raw materials for growth and repair; it also 
provides the energy for mechanical work, for the functional activities of 
the various organs and tissues, and the heat for maintenance of body 
temperature. The chemical energy of the various foods is made available 
to the body as the result of the oxidative breakdown of foods. Carbon 
and hydrogen are the principal constituents of the molecules of the various 
foodstuffs from which heat or other forms of energy are derived on 
oxidation. Carbon and hydrogen are oxidized to carbon dioxide and 
water, and the sulfur and phosphorus in foods are oxidized to sulfate and 
phosphate, respectively. The nitrogen of foods is not completely oxidized; 
this constituent is eliminated primarily in the form of urea. Urea, (NH2)>2 
CO, contains carbon and hydrogen in addition to the nitrogen; thus not 
quite all the carbon and hydrogen which are metabolized in the body are 
completely oxidized to carbon dioxide and water. What should be empha- 
sized is that carbon and hydrogen can be oxidized in the body as com- 
pletely as outside of it and that the result of this oxidation is the produc- 
tion of heat and energy, essential for the activities of living matter. 

In human calorimetry, the unit for the measurement of heat is the 
large, or kilogram, calorie (Cal), the quantity of heat required to raise 
the temperature of one kilogram of water from 15 to 16°C. 


The Caloric Value of Food Constituents 


Substances such as carbohydrates and fats, which contain only carbon, 
hydrogen, and oxygen, yield approximately the same amount of heat 
when oxidized in the body as when oxidized in a laboratory bomb 
calorimeter. Proteins, which also contain nitrogen, yield smaller caloric 
values when oxidized within the body. This is due to the fact that 12 to 17 
per cent of the protein molecule is made up of nitrogen which is not 
oxidized but eliminated principally as urea. At any one time, the oxida- 
tion of one gram of glucose in the body yields approximately 3.7 calories; 
one gram of starch yields 4.1 calories, and one gram of sucrose, 4.0 calories. 
Since the average diet contains more starch than other carbohydrate con- 
stituents the approximate figure of 4 calories has been taken as the 
caloric value of the carbohydrates in the diet. The complete oxidation of 
olive oil in the body yields 9.4 calories per gram of oil, and that of 
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butterfat, 9.2 calories. Other fats yield somewhat lesser values, and the 
approximate figure of 9 calories is generally used as the caloric value of 
fats in the diet. The average caloric value of protein in the body is 4.1 
calories per gram; the round figure of 4 is generally used in dietary calcu- 


lations. 


The Respiratory Quotient 


When foods are oxidized in the body, carbon dioxide, water, and heat 
are produced in direct proportion to the quantity of oxygen consumed in 
the process. The proportion of carbon dioxide produced to oxygen con- 
sumed can, when measured, furnish information as to the kind and 
quantity of food which is being metabolized. The ratio of the volume of 
carbon dioxide eliminated by the lungs to the volume of oxygen con- 
sumed by the body is termed the respiratory quotient (R.Q.). 

When carbohydrates are oxidized, the reaction may be represented as 


CeH120¢ -- 60> a 6COs + 6H.O -+- 675 Cal (approx. ) 
lie 6 vol CO, a 
Here RY. = entre 1.0 
Fats contain less oxygen in their molecules than carbohydrates and 


thus require more oxygen from the atmosphere for complete oxidation: 


2C51H9s0¢ + 14502 —> 102COz -+ 98H.O + 15,314 Cal 
Tripalmitin 
51 vol CO. 
Here RQ. = 72.5 vol O, > 0.7 
The average value of 0.71 has been taken for the R.Q. of fats. 

The R.Q. for proteins is derived indirectly since its oxidation in the 
body cannot be represented accurately by a chemical equation, When 
protein alone is metabolized, the R.Q. is 0.80. 

When one determines the values of oxygen consumed and of COs ex- 
haled by an individual at any one time, the R.Q. obtained indicates the 
type of oxidative metabolism which takes place. When carbohydrates 
alone are burned, an R.Q. of 1.0 is obtained. The lowest obtainable R.Q. 
under normal conditions is 0.71, representing the oxidative metabolism 
of fats only. An R.Q. intermediate between these figures indicates the 
combustion of a mixture of foodstuffs. Normally, when a mixed diet is 
metabolized, the R.Q. is about 0.85. Under abnormal conditions, the 
limits of 0.71 and 1.0 may be exceeded in the lower and upper direction, 
respectively. In uncontrolled diabetes the R.Q. will be close to 0.7, indicat- 
ing that much of the combustion is derived from fats. (Normal utilization 
of carbohydrates would shift the R.Q. closer to 1.0, the R.Q. for the utiliza- 
tion of carbohydrates.) In severe uncontrolled diabetes, respiratory quo- 
tients as low as 0.63 have been reported, This indicates that some of 
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the absorbed oxygen was not used for the production of carbon dioxide 
and water and reflects the conversion of amino acids to glucose (for 
which oxygen is needed, since the glucose molecule contains more oxy- 
gen than the amino acid molecule) and the subsequent excretion and loss 
of this glucose in the diabetic’s urine. One of the most striking results of 
insulin treatment is that the R.Q. increases, showing that carbohydrates 
are again being utilized for energy purposes. Respiratory quotients higher 
than 1.0 may be found in conditions where excessive amounts of carbohy- 
drates are utilized, to the practical exclusion of fats and proteins, and 
where glucose is converted into fat and deposited as such in the body. 
In this case a substance rich in oxygen is converted into one containing 
less, with a net release of oxygen which is available for the metabolic needs 
of the body without the requirement of obtaining it from the outside by 
inhalation. 

The protein portion of the metabolized food may be computed from 
urinary nitrogen by assuming that each gram of nitrogen represents 6.25 
grams of original protein. The oxidation of this quantity of protein re- 
quires the consumption of 5.92 liters of oxygen and liberates 4.75 liters 
of carbon dioxide. From these figures one can compute the volume of 
these gases involved in the metabolism of protein alone. Subtracting these 
figures from the total carbon dioxide exhaled and oxygen absorbed 
yields the R.Q. for the fat and carbohydrate metabolism. From this 
quotient one can arrive at the respective amounts of these foodstuffs 
which were metabolized by use of the data in Table 2. Once the amount 
of oxygen consumed and of carbon dioxide and nitrogen eliminated has 
been determined in the metabolic laboratory, it is thus possible to com- 
pute, for any given period, the exact amounts of carbohydrate, fat, and 
protein which were metabolized. 


Basal Metabolism 


The metabolism of the body varies with the conditions to which it is 
subjected. The total energy output reflects two factors, one of which is 
normally a fairly constant one under certain specified conditions. This 
factor represents primarily the energy needed to maintain the temperature 
of the body, to maintain the pumping action of the heart at rest, and to 
supply the minimal energy requirements of the tissues at rest. The other 
factor fluctuates widely, depending on the extent of exercise and on the 
amount of food consumed. The condition under which the metabolism 
is least subject to other influences is 12 to 18 hours after the ingestion of 
food, when the individual is awake but at complete rest, at a comfortable 
temperature, and in a restful state of mind. Under these basal conditions 
the energy output of the body is relatively constant and low, and the 
heat output or energy metabolism is termed the basal metabolism. The 
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TaBLe 2. INTERRELATIONSHIP BETWEEN THE NONPROTEIN RESPIRATORY QUOTIENT, 
RELATIVE QUANTITIES OF CARBOHYDRATE AND Fat OxipIzED, AND Heat VALUE 
oF 1 LireER oF OXYGEN 














Nonprotein 1 liter of oxygen is equivalent to: 
respiratory 
quotient Carbohydrates, Gm Fat, Gm Calories 
0.797 0.000 0.502 4.686 
0.71 0.016 0.497 4.690 
0.72 0.055 0.482 4.702 
0.73 0.094 0.465 4.714 
0.74 0.134 0.450 4.727 
0.75 0.173 0.433 4.739 
0.76 0.213 0.417 4.751 
0.77 0.254 0.400 4.764 
0.78 0.294 0.384 4.776 
0.79 0.334 « . 0.368 4.788 
0.80 0.375 0.350 4.801 
0.81 0.415 0.334 4.813 
0.82 0.456 0.317 4.825 
0.83 0.498 0.301 4.838 
0.84 0.539 0.284 4.850 
0.85 0.580 0.267 4.862 
0.86 0.622 0.249 4.875 
0.87 0.666 0.232 4.887 
0.88 0.708 0.215 4.899 
0.89 0.741: 0.197 4.911 
0.90 0.793 0.180 4.924 
0.91 0.836 0.162 4.936 
0.92 0.878 0.145 4.948 
0.93 0.922 One 4.961 
0.94 0.966 0.109 4.973 
0.95 1.010 - 0.091 4.985 
0.96 1.053 0.073 4.998 
0.97 1.098 0.055 5.010 
0.98 1.142 0.036 5.022 
0.99 1.185 0.018 5.035 
1.00 1 232 0.000 5.047 


—e_————————————————— 
total basal metabolism depends on the mass of cellular protoplasm which 
takes part in resting respiration; for all practical purposes the latter is 
proportional to the surface area of the body. 
The basal metabolic rate (B.M.R.) is defined as the number of calories 
given off by the body per square meter of body surface per hour. The 
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average B.M.R. for normal adult males varies from 36 to 4] calories / 
m*/hr and for normal adult females, from 34 to 36 calories. Any deviation 
of the individual B.M.R. from the normal is expressed in terms of per 
cent. For instance, if the B.M.R. of a 4()-year-old male is found to be 43.7 
calories per square meter of body surface per hour, while the mean 
normal B.M.R. for this age is 38.0, his B.M.R. is said to be plus 15 per 
cent. 

For the practical determination of the B.M.R. a number of apparatuses 
have been developed. The simplest type (McKesson, Sanborn, or Bene- 
dict-Roth) measures the oxygen consumption of the individual while he 
is in the basal state. Under the conditions of the experiment, each liter 
of oxygen consumed represents 4.8 calories of heat generated by the 


200 


Height (cm) 





Body weight (ka) 


Fic. 1. Chart for determining surface area from weight and height data according to 
the formula of DuBois and DuBois. (By permission from Fundamentals of Biochem- 
istry, by Schmidt and Allen. Copyright, 1938. McGraw-Hill Book Company.) 


body. The surface area of the individual is obtained from DuBois’ height- 
weight chart (Fig. 1), which is based on the formula 


Area (cm?) = weight (kg) 0.425 x height (cm) 0.725 x 71.84 


Given the oxygen consumption during a specified time and the height- 
weight data, the individual’s B.M.R. can thus be obtained in terms of 
calories generated per square meter of body surface per hour. 


Variations in Basal Metabolism 


The basal metabolism is subject to variation by a number of physio- 
logic and pathologic conditions. The normal physiologic conditions which 
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modify the B.M.R. are age, sex, climate and/or race, thyroid activity, 
and environmental temperature; sleep, diet, and premenstrual period also 
exert an influence. Figure 2 gives the normal variation due to age. The 
rate is high in infancy and decreases with advancing age. This down- 
ward slope is modified during puberty when the rate accelerates some- 
what. The rate for women is about 10 per cent lower than for men. In- 
habitants of tropical regions exhibit lower metabolic rates than those of 
temperate regions; Eskimos, on the other hand, possess the highest rates. 
During sleep the oxygen requirement of the tissues is lower, and the 
B.M.R. as ordinarily determined is decreased by about 10 per cent. 


Mean basal metabolic rate (Cal/m2/hr) 





Age in years 


Fic. 2. Average basal metabolic rates at different age levels. (Modified from original 
data of Boothby et al., Am. J. Physiol., 116:468, 1936. ) 


During emotional states of elation, the rate of metabolism is increased; 
*mental depression decreases it. During the premenstrual period there is 
a slight increase in basal metabolism. At the onset of the menses, the 
rate drops slightly below normal and continues at the lower level through- 
out the period. High environmental temperatures make for a lower B.M.R. 
The pathologic conditions which increase the B.M.R. include hyper- 
thyroidism, fever, hypertension, polycythemia, the leukemias, and others. 
The pathologic states which may decrease the B.M.R. include hypo- 


thyroidism, starvation or chronic undernutrition, extreme obesity states, 
and others. 
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The Specific Dynamic Action of Food 


When food is ingested, the body’s heat output increases above that 
of the basal level. This stimulus which food gives to metabolism is referred 
to as its specific dynamic action. The ingestion of carbohydrates and fats 
increases the body’s resting energy output by about 5 per cent. After the 
ingestion and breakdown of proteins (unaccompanied by fats or carbo- 
hydrates ) the energy output is increased 20 to 30 per cent above that of 
the intake. Certain of the amino acids, notably phenylalanine, glycine, 
alanine, and glutamic acid exert a very marked calorigenic action, in 
contrast to arginine and histidine which produce a low dynamic action. 

The specific dynamic action of protein is related to the metabolism 
of its constituent amino acids. A number of theories have been presented 
to explain this phenomenon. The prevailing opinion is that the calorigenic 
action of amino acids is the result of the extra energy required by the 
liver for deamination of the amino acids and the formation of urea. Ad- 
ditional energy is needed to metabolize the carbon-containing residues 
of the deaminated amino acids if they are not immediately oxidized to 
carbon dioxide and water (as would be the case in caloric undernutrition ). 
If these residues are converted into glucose, glycogen, or fat, additional 
energy is required for this transformation. The specific dynamic action 
is not exerted when the ingested protein is used for growth and structural 
purposes only. 

The low specific dynamic action of carbohydrates is probably due 
solely to the synthesis of glycogen from glucose; that of fats has not yet 
been explained satisfactorily. 

From a practical standpoint, heterogeneous diets and not single food 
constituents are consumed and oxidized, and as a result the differences 
in the over-all energy utilization of equicaloric human diets of different 
protein content are less significant than is generally assumed on the 
basis of experimental results obtained for brief periods with intakes of 
pure proteins, fats, and carbohydrates, 


Temperature Regulation 


Warm blooded animals maintain an almost constant body temperature 
even though their environment may undergo relatively gross temperature 
changes. Basically, two mechanisms are involved in this heat regula- 
tion: (1) heat production, a metabolic or chemical process based on the 
oxidative breakdown of foods in the body, and (2) heat elimination 
through a number of physical body processes. Civilized man has intro- 
duced additional mechanisms through the use of clothing and environ- 
mental temperature control. 

The oxidation of foods results in the production of heat. When un- 
limited food is available, heat production increases as long as the caloric 
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need exists for maintenance of the body temperature and for physical 
activity; beyond this point, the excess food is converted into fat and 
stored as such. When the temperature of the environment is low and 
body heat is lost excessively, a reflex contraction of the blood vessels of 
the skin decreases the flow of blood through it in order to minimize 
radiation, convection, and conduction of heat to the outside. Simul- 
taneously, the body’s metabolic activity is stimulated, resulting in an 
increased heat production to make up for heat loss to the cold environ- 
ment. If the heat loss to-the surrounding medium is great, involuntary 
shivering stimulates further metabolic activity and concomitant heat 
production. The same mechanism is involved in voluntary muscular 
activity when the individual resorts to flapping with his arms and stomp- 
ing with his.feet. The insulation provided by the subcutaneous fat layer 
and the air held in fur, hair, and clothing serve to decrease heat loss 
through convection and radiation at all times. 

The dissipation of body heat takes place by way of four mechanisms: 

1. About 70 per cent is normally lost to the environment through 
radiation, convection, and conduction. 

2. Evaporation of water from the external surface of the skin and 
internal surface of the lungs accounts for about 25 per cent. 

3. About 3 per cent of the total heat is used to bring the inspired air 
and ingested cold foods to body temperature. 

4. From 1 to 2 per cent is lost with the excreta. 

When the environmental temperature is high, a reflex dilatation of 
the blood vessels of the skin increases blood flow through it, increasing 
the loss of heat from this outer integument to the surrounding medium 
through radiation, convection, and conduction. Simultaneously, there 
is an increased production of sweat, which serves to cool the skin upon 
evaporation. If the air is dry, dissipation of heat through evaporation from 
the skin and lungs is efficient; under extremely humid conditions this 
mechanism may become almost inoperative. On the whole, barring ab- 
normal heat production (as during fever and in hyperthyroid states), 


the normal body temperature of 37°C is maintained surprisingly well 
even in environmental extremes. 


CHAPTER 6 


CALORIC REQUIREMENTS 


The amount of energy required to maintain human life is the sum total 
of the calories needed to satisfy the requirements for basal metabolism 
and the specific dynamic action of food (Chap. 4), as well as for growth, 
repair, and physical activity. It has been shown that the energy needed 
to maintain the average adult at bed rest in a temperate climate is about 
four-thirds of his basal metabolism; thus the individual basal metabolic 
rate can be used to calculate rough basic caloric maintenance require- 
ments. Mental activity is usually ignored in estimating energy require- 
ments since it has been shown that it accounts for a metabolic increase 
of only 3 to 4 per cent. In contrast, physical work increases the energy 
expenditure very materially. 


Energy Requirements for Physical Activity 


Even minor physical activity adds to the caloric expenditure above 
the basal requirement; this includes postural effort, something which 
is usually not regarded as exercise. It has been estimated that the total 
caloric requirement of a sitting adult is about 15 per cent higher than 


TABLE 3. APPROXIMATE ENERGY EXPENDITURE WITH DIFFERENT ACTIVITIES* 


Activity Cal/hr Activity Cal/hr 
Dressing and undressing..... . 33 lerdal WOrk, brew wai puree sla 7-8 
BAL Bb TOG oy wd civ ety oe os 15 Mixed carpentry work....... 180 
Standing relaxed............ 20 Bawitie wood: . 041: Ges aus 2 420 
Blanding @0ily.. <4... 6.6. ss 20-30 Ranid. 57 Cine cco net 16-40 
OM ote ee 9, Ce ee 130-200 Coal mining (average)....... 320 
Pe Ss owas. eo vex «oases 5800-930 House painting 2.7% 10h bss >» 160 
Ce aE a Seer ee ea 37 Tailomneicii ss Ja tobe + exatos 44 
Tr 10) 0 er 20 Book DINGI ok nea $53 as 2 5 51 
Oe 59 HivGugwsccaiss 2h 4-eee me ke ES 276 
Re 2 SS Ab nico Code eas 59 Capt Gy fics Rates os eee ew 
DIMEN 5 pets brake PCH EO ake <% 25-30 Sen ai: cate aces xo ee 
NINA spied meee en vx sins 110 Climbing... cxceac ass wee 4 ew oe 
RRS Aa goin 9a en's 10-20 ROWiii) fa.G kan odes cys Soe LEY 
Se, ee eee al WVU Soo a5 Sdn, kre ma 980 


* Average 70 kg man or 58 kg woman. 

Nore: To arrive at the daily caloric requirement of the individual, add his basic 
metabolic requirement for 24 hr, plus a 10 per cent increment for the specific dynamic 
action of food, to the caloric cost of his daily activities as detailed in this table. 
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his maintenance energy expenditure when supine; assuming a standing 
position adds another 15 per cent to the caloric requirements. The act 
of walking on level ground at 2.5 mph requires an expenditure of about 
180 calories per hour on the part of the average adult; walking uphill 
on a 5 per cent grade requires 270 calories per hour, and on a 15 per cent 
grade, 490. Watch repairing “costs” about 96 calories per hour, rapid 
typing, 108; scrubbing floors, 216; bricklaying, 240; and felling trees, 480. 
Table 8 details the caloric cost of a variety of physical activities. Such 
data permit the calculation of fairly accurate individual daily caloric 
requirements. This is done by adding up the basal metabolic requirement, 
a surcharge of 10 per cent for the specific dynamic activity of food, and 
the caloric cost of the various activities throughout the day. For con- 
venience, physical activities may also be graded as sedentary, moderate, 
heavy, and very heavy, where desk work is classified as sedentary, house- 
work or carpentry as moderate, and heavier work falls into the other two 
categories. Caloric expenditures for these classes of activity are assumed 
as to be as follows: 











Calories/day 
Activity 
Men Women 
RGGenEry pivusres ee akineas 225 225 
Moderate work........... 750 500 
Heavy work gicc.s. arene 1500 1000 
Very heavy work..... Fore 2500 


Naturally, such a simplified system of estimates is subject to consider- 
able limitation, since these values represent averages and the classifica- 
tion of the individual’s activity needs critical interpretation. The 
Canadian Dietary Standards (Table 24) incorporate such a system of 
caloric allowances graded according to physical activity and size. An 
additional discussion of caloric requirements and their estimation on 
the basis of standards set by the National Research Council and the 


Food and Agriculture Organization of the United Nations is found in 
Chap. 18. 


Energy Allowances for Growth, Pregnancy, and Lactation 


The body substance gained during growth represents an increased 
energy requirement since only a food intake greater than that which 
provides the caloric needs for maintenance and activity will provide the 
extra protein, fat, and carbohydrate required for the synthesis of addi- 
tional tissue mass. In infants the energy increment due to growth has 
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been estimated at 15 to 20 calories per day per kilogram of body weight. 

Like growth, pregnancy also calls for an increase in maternal food 
supply. Additional nutrients are required to support fetal growth, to 
allow for uterine enlargement and placenta formation, and for the accu- 
mulation of extra protein in the maternal tissues to act as a reservoir for 
emergencies. It is customary to recommend an additional allowance of 
400 to 500 calories per day, above and beyond normal maintenance and 
activity requirements, during the second half of pregnancy (Food and 
Nutrition Board, National Research Council, and Canadian Standards). 
This increment is subject to the judgment of the attending physician, 
who is best qualified to judge the caloric allowance on the basis of the 
individual rate and extent of increase in body weight. 

During lactation, the synthesis of milk and its subsequent withdrawal 
from the mother call for the allocation of additional nutrients with a 
definite energy value. It is customary to increase the caloric intake of 
the actively nursing mother by up to 1000 calories per day. In actual 
practice, “ideal weight” along with adequacy of breast milk production 
are the determining factors. 


Energy Requirements of Children 


The caloric requirements of growing, active boys (and to a lesser 
extent, girls) are very high. The basal metabolic requirement of children 
is up to 25 per cent higher than that of adults, and their superimposed 
incessant muscular activity calls for a surprising caloric expenditure. 
Table 4 illustrates the energy requirement of boys from birth to the 
age of 15, at different levels of activity. 


TABLE 4. APPROXIMATE CALORIE EXPENDITURE OF Boys 


(Calories per day) 


Age Basal metabolism | Very quiet boy Active boy Very active boy 








0 200 

1 500 750 

2 800 1200 1600 2350 

4 900 1400 1860 2800 

6 1100 1600 2160 3230 

8 1200 1800 2400 3630 
10 1300 2000 2640 3950 
12 1440 2130 2870 4300 


14 1470 2200 2950 4400 
15 1550 2300 3100 4620 





Source: Modified from original data by G. Lusk, Requirements for Nutrition, JAMA, 
70:821, 1918. 
/ 
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Total Energy Requirements 

The Committee on Caloric Requirements of the Food and Agriculture 
Organization of the United Nations (FAO) has set forth caloric require- 
ments based on a standard reference man and woman, adjusted for 
deviation from the standard with respect to age, body weight, occupation, 


Taste 5. FAO Estimate or Catoric REQUIREMENTS OF ADULT POPULATION GROUPS 
ACCORDING TO Bopy SIzE 


(Calories per day; mean temperature 10°C) 











Weight, kg Men Women Pregnant women | Lactating women 

40 Pes 1823 Dake 2823 
45 2447 1987 2437 2987 
50 2643 2146 2596 3146 
55 2833 2300 2750 3300 
60 3019 2451 2901 3451 
65 3200 2599 3049 2599 
70 3379 2743 3193 3743 
75 3553 

80 3725 





environmental temperature, and physiologic state. Caloric allowances 
for children are identical with those recommended by the Food and 
Nutrition Board, and allowances for pregnancy and lactation follow the 
recommendations discussed above. Tables 5 and 6 illustrate some of 
the FAO recommendations. 


TaBLe 6. FAO Estimate or CaLoric REQUIREMENTS OF ADULTS ACCORDING TO AGE 
(Calories per day; mean temperature 10°C) 








Age Men Women 
20-30 3200 2300 
30-40 3104 © 2231 
40-50 3008 2162 
50-60 2768 1990 
60-70 2528 1817 

70 2208 1587 





Table 22 details the recommended daily caloric allowances set by the 
Food and Nutrition Board of the National Research Council, which, are 
essentially the same as the FAO values (adjusted for average United 
States body size and temperature ). 

The Canadian Dietary Standards (Table 24) stipulate energy allow- 
ances for individuals on the basis of body weight and degree of physical 


CALORIC REQUIREMENTS 37 


activity. The caloric allowances recommended by the FAO, Food and 
Nutrition Board, and Canadian Standards are essentially the same for 
comparable persons. 

Standard or recommended calorie allowances are used primarily for 
two purposes, to aid in planning the food intake of individuals and 
groups and to evaluate the adequacy of observed or reported food con- 
sumption. In planning food intakes, critical judgment must be used 
at all times in applying population standards to the needs of an indi- 
vidual who may well not conform to the average. With regard to the 
use of recommended standards for the evaluation of the adequancy of 
observed intakes, it is advisable to keep in mind the following quotation 
from the Food and Nutrition Board’s 1958 revision of its Recommended 
Dietary Allowances: 


. . . In using this standard for evaluation of diets, it cannot be assumed 
that food practices are necessarily poor or malnutrition exists because these 
goals of nutrient intake are not completely met. As applied to individuals, the 
allowances can serve as a point of reference, and deviations should be inter- 
preted only in terms of the total observation of the individual's nutritional 
status. 





PART 2 


THE FOOD ELEMENTS 





CHAPTER 7 


PROTEINS AND AMINO ACIDS 


The Nature of Proteins 


Proteins are indispensable and normal constituents of every living cell. 
They are essential components of both the nucleus and cell protoplasm 
and are found in most extracellular animal tissue fluids. Proteins exist as 
very large molecules which are composed of great numbers of basic 
building units, a-amino acids. Although these compounds vary con- 
siderably in molecular structure and size, they have one characteristic 
in common: the presence of an amino group (NHz2) and a carboxyl 
group (COOH) linked to the same terminal carbon of the molecule. The 
structure of the remainder of the molecule varies; amino acids may be 
aliphatic compounds like alanine (a-amino propionic acid) and nor- 
leucine («-amino caproic acid), or more complex aromatic and hetero- 
cyclic compounds. The molecular weights of natural amino acids vary 
from 75 for the smallest (glycine) to 240 for the largest (cystine). 

Twenty-two different, naturally occurring a-amino acids are known. 
In the protein molecule, hundreds and even thousands of amino acids 
are joined to one: another in a characteristic linkage, where the amino 
group of one amino acid is linked to the carboxyl group of the other, 
one molecule of water being split off in the process. Whenever such a 
peptide linkage combines two amino acids into one single molecule, the 
resulting compound is a dipeptide. Polypeptides are composed of a 
larger number of amino acids connected by peptide linkages. Proteins 
with molecular weights which vary from sixteen thousand up to several 
millions may be looked upon as extremely large “superpolypeptides.” 
The simplest protein may be pictured as a chain of amino acids held 
together by peptide bonds. However, in addition to the primary peptide 
linkages in the protein molecule, which hold the chain of amino acids 
together, secondary linkages exist between the various amino acid 
moieties. The secondary, nonpeptide linkages make possible a multiplicity 
of structural differences between proteins. Thus a protein molecule may 
exist in the form of a coiled chain or helix, a branched structure, or a 
hollow sphere or basket. 

The properties of different proteins vary, depending on their qualita- 

4] 
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tive and quantitative amino acid make-up and on the order and structural 
arrangement of these building units in the molecule. ; 

By virtue of their molecular size, proteins cannot traverse semper 
meable membranes. They possess the characteristic physical qualities of 
large-sized colloidal molecules; they also exert osmotic pressure, exhibit 
membrane potentials at semipermeable membrane interphases, etc. Ex- 
treme heat will coagulate them, and heavy metal salts precipitate them 
out of solution. 

By virtue of free acidic and basic groups belonging to their constituent 
amino acids, proteins are amphoteric; i.e., they may act as acids or bases, 
depending on the pH of the surrounding medium. At a specific pH— 
the isoelectric point for the particular protein—the amphoteric molecule 
is least dissociated as an acid or base and the protein exhibits a minimum 
of solubility, viscosity, and electrophoretic tendency. 

Proteins form true salts; in a dilute sodium hydroxide solution much 
of the protein will be present as sodium proteinate. In addition to true 
salt formation with cations, proteins will also combine with metals in 
nonionic complexes. Such metal-protein complexes are common in the 
body tissues. 

Proteins are also found conjugated with more complex compounds: 
glucoproteins are combinations of proteins with complex carbohydrates, 
as in mucin from the mucous glands of the gastrointestinal tract; lipo- 
proteins are combinations of proteins with fatty compounds (Chap. 9); 
nucleoproteins, found in nuclear cell chromatin materials, are combina- 
tions of proteins with nucleic acids; hemoglobin, the oxygen-carrying red 
blood cell pigment, consists of the relatively small, active iron pyrrole 
group heme conjugated with a large globin protein molecule. In a similar 
fashion, all enzymes apparently are proteins often consisting of a large 
protein “carrier” molecule, which determines the specificity of the enzyme 
for a particular substrate, conjugated with a structurally smaller, 
catalytically active moiety such as a metal or vitamin unit. 


. 


Absorption 


Food proteins are large-sized molecules which are not absorbed by 
the intestinal mucosa to any appreciable degree; they must be digested 
and broken down into individual amino acids for absorption. This deg- 
radation is brought about by the hydrolytic enzymes of the gastroin- 
testinal tract. (A detailed discussion of digestion and the digestive 
enzymes is found in Chap. 2.) Occasionally some polypeptides or even 
proteins may pass the mucosal barrier to be absorbed directly into the 
blood stream; in susceptible individuals such unchanged proteins may 
give rise to immunologic sensitizations and appear thus to be responsible 
for the development of allergy to specific food proteins. The importance 
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of this phenomenon, especially in the somewhat permeable gastroin- 
testinal tract of the very young infant, is discussed in Chap. 17, Nutrition 
in Infancy and Chap. 38, Food Allergy. 

The absorption of the individual amino acids which are liberated from 
food proteins by the digestive process is not a simple, passive diffusion, 
but a selective process in which individual amino acids appear to com- 
pete for a place in the transport system. There are wide differences in 
the rates of absorption of the various amino acids, Furthermore, the 
naturally occurring L-amino acids are preferentially more rapidly absorbed 
than their respective p-isomers, a fact which strongly suggests an active 
mechanism of transport across mucosal cell membranes. It is of interest 
that the rates of absorption observed for single amino acids do not apply 
to complex amino acid mixtures of varying composition, 

It has recently been suggested that a physiologic mechanism exists 
to ensure the presence in the intestine of an amino acid mixture of ap- 
proximately constant and optimal composition at the time of absorption 
of dietary amino acids. The ingestion of food protein stimulates the 
digestive tract to secrete an appreciable amount of endogenous proteins 
into the intestinal lumen. This secretion, in the form of gastrointestinal 
mucoproteins and digestive enzymes, presumably provides enough 
endogenous protein of relatively “desirable” composition to dilute the 
food amino acid mixture in the intestine sufficiently to obscure any amino 
acid pattern peculiar to the ingested food protein. This mixing of amino 
acids in the intestinal lumen is thus thought to regulate the relative 
concentrations of the amino acids available for absorption. Teleologically 
speaking, such a homeostasis in the intestine during the period of ab- 
sorption is there to assure the simultaneous absorption (and subsequent 
presence in the blood stream) of an amino acid mixture which is optimal 
for protein synthesis in the body tissues. 

After absorption, most of the amino acids are carried to the liver via 
the portal vein; some may also pass into the lymphatics. : 


Metabolism 


Some of the amino acids from the portal circulation are retained by 
the liver to satisfy the specific requirements and functions of this organ; 
the rest enter the general circulation, from which they are rapidly re- 
_moved by the various tissues. The liver is responsible for the formation 
of the wide spectrum of human plasma proteins. All tissues utilize the 
available amino acids for the synthesis of specific cell proteins needed 
for the formation of new cells or the repair and maintenance of existing 
ones and, in the case of secretory cells, for specialized secretions of a 
diverse nature. This anabolic activity pertains thus not only to structural 
proteins and constituents of the cell protoplasm, including intracellular 
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enzymes, but also involves extracellular enzymes, hormones, and the 
synthesis of a host of other nonproteinaceous amino acid derivatives of 
greater or lesser physiologic importance. 

After the anabolic needs of the body have been met, an excess of 
amino acids may still remain. These amino acids are catabolized for the 
production of energy and heat or converted to carbohydrate and fat, 
and if the energy need is exceeded, there may be storage as fat. Under 
conditions of shortage of calories or starvation, amino acids are utilized 
as sources of heat and energy since maintenance of essential body func- 
tions has a priority over anabolic activities. 

Deamination is usually the first step in the catabolism of amino acids. 
In this process the amino group is split off and the remaining molecule 
is transformed into an a-keto acid. The liberated amino group may be 
utilized for the production of another more necessary amino acid from 
a suitable precursor, a process referred to as transamination. When the 
amino acid supply is generous, most of the amino nitrogen enters the 
metabolic channel of urea formation, where two amino groups and one 
molecule of carbon dioxide combine to form one molecule of urea. The 
conversion of amino nitrogen into urea takes place in the liver and occurs 
through the ornithine cycle (Fig. 3). 








CO. 
(Metabolic waste products) 
+ 
NH; 
-- 
Ornithine 
(To kidney) 
z Citrulline 
Arginine = —<———_—_——_____ a 
NH, (Metabolic waste) 


Fic. 3. Urea formation in the ornithine cycle. 


A small amount of amino nitrogen derived from deamination of amino 
acids is incorporated into blood glutamine and carried to the kidney. 
where under certain conditions ammonia can be liberated from the 
glutamine molecule and excreted in the form of ammonium salts. 

In the catabolic breakdown of amino acids, the deaminated carbon- 
chain residue enters the pathway of carbohydrate or ketone body metabo- 
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lism. Under conditions of serious caloric need, they are broken down 
principally into the ultimate end products, carbon dioxide and water, 
the oxidative degradation yielding the required energy. On the other 
hand, under normal circumstances the keto acids produced by deamina- 
tion of amino acids may also participate in the formation of storage fat 
or of glycogen (the form in which carbohydrates are stored in the liver 
and muscles ). 

Another catabolic change which an amino acid may undergo is decar- 
boxylation, which involves the splitting off of carbon dioxide from the 
carboxyl group of the amino acid to yield a number of physiologically 
active, essential, and sometimes unessential and even toxic amines. 


Essential and Nonessential Amino Acids 


Some of the amino acids required for protein synthesis in growth, 
maintenance, and repair (including synthesis of enzymes, hormones, and 
hemoglobin) must be supplied by the ingested food, while others can 
be synthesized in the body as the need arises. The amino acids which 
must be supplied by the food are referred to as essential (indispensable ). 
The nonessential amino acids are not necessarily of lesser biologic im- 
portance, but this distinction implies the necessity of supplying the 
essential amino acids in ready-made form from external sources. The 
nonessential amino acids may be provided per se by the ingested food, 
or, if missing in the diet, they may be synthesized from precursors avail- 
able in the metabolic pool of the body. Their carbon skeletons are derived 
from intermediate products of carbohydrate or fat metabolism, usually 
in the form of a-keto acids. An amino group becomes attached to this 
molecule, converting it into the needed amino acid. The amino group 
is derived either from another amino acid through transamination or 
from the ammonia available from deamination of dietary amino com- 
pounds. 

Twenty-two different naturally occurring o-amino acids are known; 
of these, nine are essential for growth and maintenance in children, and 
eight are essential for maintenance of nitrogen equilibrium in adults 
(Table 7). If one or more of the essential amino acids is not present in 
sufficient quantity when a body protein is being synthesized, this syn- 
thesis is limited quantitatively by the availability of the essential amino 
acid lowest in supply. On the other hand, if some of the nonessential 
amino acids are not supplied by the diet and they are needed in the struc- 
tural make-up of the protein molecule about to be synthesized, they will 
be formed in the quantity required in the manner outlined above. 

It has recently been shown that under conditions of marginal amino 
acid supply from external sources, simple compounds like urea, am- 
monium salts, and glutamic acid exhibit a sparing effect with respect to 
the nonessential amino acids. These simple compounds were able to pro- 
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TABLE 7. Amino Acips IN HumAN NuTRITION 





Recommended Minimum daily Minimum daily 
Essential amino acids daily intake, intake (men), intake (women), 
Gm Gm Gm 

t-Phenylalanine......... 2.2 1.10 0.220 
t-Methionine........... De 1.10 0.290 
PRLOUGMiO. «5,50 cvtec os 4 occ 22 1.10 0.620 
Dt W ANTEC ets egress. 7.00 wf at 1.6 0.80 0.650 
ReLIVRIIG woh ees Sb e ores 1.6 0.80 0.500 
t-lsoleucine:..... 6 oes: 1.4 0.70 0.450 
Pm ENTOOUING 25 stecec-aie ers 1.0 0.50 0.310 
E-Tryptophan..:..5... +. 0.5 0.25 0.160 





Nonessential amino acids 


Glycine Proline 

Alanine Hydroxyproline 
Serine Citrulline 

Cystine Histidine* 

Tyrosine Arginine* 

Aspartic acid Norleucine 

Glutamic acid Hydroxyglutamic acid 


* According to recent work, arginine is not an essential amino acid for children, while 
histidine may be essential for children but not for adults. 


vide nonessential nitrogen both for human growth and maintenance. 
Apparently, under conditions of severe nitrogen deprivation, nonessential 
amino acids can be synthesized in the body from suitable multicarbon 
precursors present in the body’s metabolic pool and nitrogen fed in the 
form of urea and ammonium salts. 


Biologic Value of Food Proteins 


The term biologic value is used to express the percentage of absorbed 
nitrogen which is retained by the organism for maintenance and growth. 
The biologic value of food proteins depends to a large degree on their 
amino acid composition. Proteins which do not provide all the essential 
amino acids upon digestion, or which provide some of them in suboptimal 
quantities, are not as valuable in supporting body protein anabolism as 
other proteins which can supply a full complement of the essential and 
nonessential amino acids. 

Proteins are thus classed as having a high or low biologic value 
primarily on the basis of their ability to supply all the amino acids 
required for the formation of body tissues, enzymes, and hormones. How- 
ever, in addition to structural “completeness,” other factors influence the 
value of a given protein. Probably the most important factor is digesti- 
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bility. In the human adult, a protein must be digested completely and 
hydrolyzed into its component amino acids before these can be absorbed 
into the blood stream and made available to the body’s metabolic pool. 
In the event of incomplete hydrolysis of the protein, only part of the 
constituent amino acids become available, while others remain locked 
up in the nondigested protein molecules or in partially hydrolyzed 
polypeptide fragments and are eventually eliminated without contributing 
to the nutrition of the individual. The method of preparation (cooking, 
baking, toasting, etc.) of the protein food has a distinct bearing on its 
subsequent digestibility. Overheating, particularly in the absence of 
water (dry heat or frying), can reduce the nutritive value by destruction 
of essential amino acids such as lysine, which is heat labile, or by tying 
them up in new chemical linkages not susceptible to enzymatic digestion. 
On the other hand, it has been shown that cooking in the presence of 
water improves the digestion and nutritive value of soybean and wheat 
protein, possibly by altering the protein structure. As a result, methionine 
and other amino acids are liberated more rapidly, providing a_ better 
over-all pattern for absorption. 

At the top of the list of proteins of high biologic value is egg protein. 
Close to it ranks the protein of milk (chiefly casein, with lesser quantities 
of albumin). Egg or milk proteins can furnish all the amino acids essential 
for normal growth and healthy life processes provided they are adminis- 
tered in adequate amounts. The incomplete protein gelatin is at the other 
extreme of nutritive rank. It fails to supply two essential amino acids, 
valine and tryptophan, and it contains inadequate amounts of tyrosine 
and cystine. Gelatin cannot sustain normal life or support growth when it 
is the sole source of protein, even when given in large amounts. However, 
when the missing amino acids are added to the gelatin in adequate 
amounts as the pure chemicals or in foods containing them, this nutritional 
inadequacy is corrected and normal growth and maintenance become 
possible again. 

Fish, meat, and poultry proteins are very high in the scale of biologic 
value. Of distinctly lower value are the plant proteins such as those of 
wheat, corn, rice, beans, and nuts. These proteins may contain all the 
necessary amino acids, but in each one of them one or more of the 
essential amino acids are present in such inadequate amounts that the 
entire protein is df low biologic value when it represents the only source 
of amino acids in the diet. Such incomplete plant proteins must be supple- 
mented with other foods supplying the missing amino acids in order to 
provide good nutrition. 

Actually it is possible to be well nourished while consuming only 
proteins of plant origin provided the diet contains a number of properly 
selected plant proteins of divergent composition, a fact which would 
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tend to ensure the supply of the entire spectrum of essential amino acids. 
An excellent example of a nutritionally adequate diet containing only 
proteins of plant origin is a mixture of corn, sorghum, cottonseed meal, 
and yeast, developed in Central America to combat protein deficiency in 
young children (Chap. 22). 


Mutual Supplementation of Proteins 


A given protein may be of low biologic value because of its failure 
to supply one or more of the essential amino acids; nevertheless, it may 
still be a useful food when it is supplemented with another protein which 
provides the missing constituents. If the second, high quality protein 
supplies adequate additional quantities of the missing amino acids, the 
mixture of both proteins will be of high biologic value. 

Many of the vegetable proteins are low in essential amino acids, such 
as lysine, tryptophan, methionine, or threonine, and will therefore 
neither promote optimal growth nor maintain maximum vigor when one 
of them alone constitutes the only protein source. In practice, however, 
most meals contain a mixture of proteins of different origin and dissimilar 
amino acid composition and there is a tendency in our food pattern to 
combine some high quality proteins with the less complete, less expensive 
plant proteins (as exemplified by macaroni and cheese, bread and milk, 
chili beans and meat, breakfast cereal with milk, etc.). Mutual supple- 
mentation of proteins has thus been practiced for ages instinctively, 
though its biochemical mechanism and nutritional importance have been 
recognized only in this century. 

The time factor is of utmost importance in mutual supplementation. 
There exists no physiologic mechanism for the storage of individual amino 
acids in the body for periods when they may be required for the synthesis 
of a special tissue protein. Therefore effective supplementation occurs 
only when the deficient and supplementary proteins are fed simul- 
taneously or within a brief time interval. Improvement in the utilization 
of ingested, incomplete proteins through simultaneous feeding of a supple- 
mentary high quality protein has been demonstrated not only in proteins 
which are quite dissimilar in their biologic quality, such as a breakfast 
cereal and milk, but also when the proteins involved are of less divergent 
nature; for instance, the proteins of the staple food of many Central 
American people, corn and beans, are better utilized when they are 
ingested together. One practical, dietetic implication of such findings is 
that in feeding primarily proteins of low biologic value, whatever high 
quality proteins are available should always be fed simultaneously. } 

. As the global supply of expensive, complete animal proteins becomes 
increasingly short in the face of a rapidly growing population, the eco- 
nomic significance of the concept of mutual supplementation of proteins 
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is evident. In underdeveloped areas, where protein deficiencies are 
endemic, it would be folly to preach a diet based primarily on desirable, 
but expensive, high quality meat and milk proteins. There a well-planned 
vegetarian diet which utilizes a properly selected variety of plant protein 
sources, or which is fortified through a simultaneous supplementation 
with small quantities of the harder-to-come-by animal proteins, appears 
to be a logical solution of the problem of adequate protein supply. 


Protein Supplementation with Specific Amino Acids 


In recent years supplementation of low quality proteins with individual 
amino acids in which they are deficient has received increasing attention. 
In view of the fact that the biologic quality of wheat and rice proteins 
is limited by their low lysine content, proposals have been made for the 
fortification of these cereal proteins with lysine in an effort to improve 
their amino acid balance. Supplementation of cereal proteins with syn- 
thetic amino acids holds a definite promise for the nutritional improve- 
ment of some of the most readily available and inexpensive proteins native 
to a world beset by an economically limited supply of high quality pro- 
teins. On the other hand, more will have to be known about the yet 
relatively unexplored field of amino acid nutrition before supplementation 
with individual amino acids becomes a widely approved and accepted 
procedure for the prevention of malnutrition, comparable to the enrich- 
ment of bread with B vitamins. 


Anabolism, Catabolism, and Nitrogen Balance 


Protein anabolism and catabolism are terms used to denote protein 
synthesis and breakdown in the organism. Thirty to fifty per cent of the 
body protein is in constant flux. Within the individual there occurs a 
steady, simultaneous tissue protein breakdown and synthesis involving 
up to half of the total metabolic pool of protein at any one time. For 
instance, the carbon skeleton of an amino acid which is a constituent 
of the cell protein in a liver cell may well be found at another time in- 
corporated into the molecule of a digestive enzyme secreted into the 
lumen of the intestine, later to be reabsorbed and incorporated into a 
muscle protein molecule, or perhaps to be deaminated and burned for 
energy gain. The sum total of all the simultaneous gains and losses of 
nitrogen in the different compartments of the body is reflected in the 
over-all nitrogen balance and is “zero”’—neither positive nor negative— 
in adults under normal conditions of health and adequate diet. 

The term nitrogen balance refers to the long-term relationship between 
incoming and outgoing food nitrogen in an organism. Nitrogen equilib- 
rium exists in an individual when the nitrogen (chiefly protein nitrogen ) 
intake equals the waste-nitrogen output. If the dietary protein of a 
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healthy, normal adult with good body reserves is adequate and he does 
not form new tissues or break down existing ones (except in normal, 
balanced replacement—a dynamic exchange is always functioning), he 
will be in nitrogen equilibrium; the absorbed dietary nitrogen (total 
ingested food nitrogen less the unabsorbed portion recovered in the 
feces) will equal the excreted nitrogen ( chiefly urea nitrogen in the 
urine). If increased amounts of protein are fed to such a person, an 
increased absorption of nitrogen takes place, followed by a corresponding 
increase in the excretion of nitrogenous waste products; and within a 
short time nitrogen equilibrium is reestablished. Ma 

During growth, pregnancy, and lactation, or during rehabilitation 
after a debilitating disease or malnutrition, total anabolism exceeds total 
catabolism. More dietary nitrogen is retained to support body protein 
synthesis, and less is excreted as nitrogenous waste. Such a subject is said 
to be in positive nitrogen balance. 

When total catabolism exceeds total anabolism, body protein is broken 
down in excess; more nitrogen is excreted in the urine than is absorbed 
and utilized from food, and a negative nitrogen balance results. A nitrogen 
loss from dietary causes occurs primarily when the dietary protein intake 
is inadequate or when the diet does not meet the body's caloric require- 
ment. The energy requirement of the organism has to be satisfied first, 
and when the diet does not provide sufficient energy sources such as 
carbohydrates and fats, the necessary energy is obtained by breakdown 
of tissue substances. In such a case, liver and muscle glycogen and tissue 
fat are being utilized, as well as the most easily mobilizable protein 
fractions of the body. The breakdown of tissue proteins for the creation 
of energy is a wasteful and undesirable process from the standpoint of 
metabolic body economy. 

Excessive breakdown of body protein also occurs during systemic 
diseases (especially febrile ones), after injuries, burns, and surgery. A 
diet very rich in good quality proteins and protein sparing calories is 
desirable both before and after elective surgery, as well as after major 
disease or injury, to counterbalance this loss of protein from the body 
which may continue for days and be quite extensive. 


Deficiency 


Insufficient intake of proteins and calories, or consumption of proteins 
which do not provide an adequate supply of all the essential amino acids. 
is without doubt the major malnutrition problem in the world today. 
Because protein plays a vital role in all life processes, the symptoms of 
protein deficiency in man are varied and not necessarily specific and 
characteristic. The early symptoms of protein deficiency include loss of 
weight, lassitude, easy fatigability, decreased resistance to disease, pro- 
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longed convalescence and, in children, slow, stunted growth. Continued 
protein deprivation results in consequences which are of a more specific 
nature: low blood protein levels (including hemoglobin), edema, and 
liver damage. The edema is apparently not the direct result of the hypo- 
proteinemia (i.e., the lowering of the intravascular osmotic pressure) 
alone; apparently hormonal interference with diuresis plays an etiologic 
role as well. The liver damage is presumably the result of depletion of 
all mobilizable liver protein, increased susceptibility to toxic injuries, 
and abnormal liver function with accumulation of fat in the liver paren- 
chyma. The fatty infiltration may eventually progress to destruction of 
parenchymal tissue with fibrous replacement (cirrhosis). 

As a result of studies made subsequent to World War II, a specific 
protein malnutrition syndrome has been recognized as being widely 
distributed among children in underdeveloped regions or underprivileged 
population strata in Africa, India, Central America, and other parts of 
the world. This disease entity, kwashiorkor, is discussed in Chap. 22, 
Malnutrition and Deficiency Diseases. 


Recommended Protein Allowances 


The standards recommended by the Food and Nutrition Board of the 
National Research Council provide for 70 grams of protein per day in the 
diet of adult men weighing 70 kilograms and 58 grams of dietary protein 
for women weighing 58 kilograms (Table 22). This allowance of 1 gram 
of protein per kilogram of bodyweight appears to provide a generous 
margin of safety when applied to healthy persons with adequate caloric 
intake, normally vigorous, and living in a temperate climate. Estimates 
of the increased allowances for protein during pregnancy and lactation 
vary greatly. The Food and Nutrition Board recommends 78 grams of 
protein daily for pregnant women in the second half of pregnancy and 
98 grams daily for the period of lactation. Other recommended allow- 
ances: children and adolescents, from 40 to 100 grams of protein daily, 
depending on the specific age. The United States allowances are generous 
compared with other standards. 

The Canadian Standards are slightly lower (Table 24). The British 
standards suggest that 11 per cent of the energy allowance in adults 
should normally be provided by protein, and during growth, pregnancy, 
and lactation, this should be increased to 14 per cent. 

The protein requirements, as proposed by the Food and Agriculture 
Organization of the United Nations, are unique in that they are based 
on a hypothetical reference protein of a desirable amino acid composition. 
These FAO standards are found in Chap. 13; the same chapter also dis- 
cusses the basic differences in the aims of the various standards, thus 
explaining any apparent quantitative differences between them. 


54 THE FOOD ELEMENTS 


These calculated standards suffer identical, unavoidable shortcomings: 
(1) they do not fully take into account individual biologic variations; and 
(2) they do not give full consideration to differences in biologic value of 
the various food proteins, nor do they give full consideration to the effect 
of mutual supplementation of simultaneously ingested proteins. As for 
the second point, practical considerations and economic necessity rule 
out the exclusive use of high quality proteins of animal origin, and ex- 
perience has shown that a mixture of both animal and plant proteins or 
a carefully selected mixture of protein foods entirely of plant origin 
will support healthy life processes and normal vigor. 


Sources 


The proteins of the human diet are obtained from both animal and 
vegetable sources. The most important proteins of animal origin are milk 
and milk products, meats, fish and sea foods, poultry, and eggs. Plant 
proteins are readily available in cereals (wheat, rice, corn, barley, rye), 
legume seeds (beans, peas, grams), and nuts. In the more prosperous 
countries the proportion of proteins of animal origin, which are more 
expensive than plant proteins, is relatively high. Wherever such a food 
pattern prevails there is assurance that the supply of protein is adequate 
both quantitatively and qualitatively, since most natural animal proteins 
furnish the essential amino acids in liberal amounts. The least expensive 
source of complete proteins is skim milk powder, and its use should 
be encouraged whenever economic considerations limit the availability 
of the conventional sources of high quality proteins. Soybeans are a cheap 
source of protein of good nutritive value; however, attempts to introduce 
their use into the countries of the Western world have largely run counter 
to established gastronomic preferences. 

In regions which are characterized by a low standard of living, the 
protein supply is likely to be derived chiefly from plants and the protein 
intake, even if it is quantitatively adequate, may be substandard with 
regard to essential amino acid content unless the food sources are properly 
chosen. If at all possible, one-third or more of the dietary protein should 
come from foods of animal origin. 

Detailed information on the protein content of common foods is found 
in the Tables of Food Composition in the Appendix. 





CHAPTER § 


CARBOHYDRATES 


Chemistry 


Carbohydrates are compounds which contain carbon, hydrogen, and 
oxygen, the latter two in the same proportion as in water. All carbohy- 
drates conform to the same basic empirical formula, C,H»2,O,. With but 
few exceptions, the carbohydrates are of plant origin. The most important 
exceptions are glycogen, the animal equivalent of starch; lactose, animal 
milk sugar; and ribose, a 5-carbon sugar associated with animal nucleic 
acids. Carbohydrates are synthesized in nature by green plants from 
carbon dioxide of the atmosphere and water, in the presence of sunlight. 
Life as we know it depends on this photosynthetic process, since the 
carbohydrates of the plant kingdom are the major energy fuel on which 
the animal kingdom exists. 

The carbohydrates are classified according to molecular structure into 
a number of groups, of which the following three are of primary im- 
portance in nutrition: 

1. Monosaccharides: Simple hexose (6-carbon) sugars which cannot 
be broken down into smaller units by hydrolysis during gastrointestinal 
digestion. (Example, glucose. ) 

2. Disaccharides: More complex sugars, formed by the condensation 
of two monosaccharides; disaccharides can be split into their component 
hexose sugars by hydrolysis. (Example, sucrose. ) 

3. Polysaccharides: Larger, complex molecules which are the result 
of the condensation of a large number of monosaccharides; they too may 
be hydrolyzed to their component hexose sugars. (Example, starch. ) 

Only three monosaccharides are of significance in human nutrition: 
glucose, fructose, and galactose. Of the disaccharides, sucrose (cane or 
beet sugar) and lactose (milk sugar) are of primary importance, as well 
as maltose, which is formed during the digestion of starches. Starch, 
cellulose, and the animal equivalent of starch, glycogen, are examples 
of polysaccharides which are important in human _ physiology and 
nutrition. 

The hydrolysis of a molecule of sucrose yields one molecule of glucose 
and one of fructose; the hydrolysis of lactose, one molecule of glucose 
and one of galactose. Maltose may be hydrolyzed into two molecules of 
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glucose. When starch is digested, it is degraded primarily by the repeated 
splitting off of maltose units, which in turn are hydrolyzed into glucose. 
The large partially degraded glucose polymer units which are inter- 
mediates during this process are dextrins. These partially degraded 
polysaccharides undergo progressive attrition by hydrolysis, glucose 
being the eventual end product. 

Glycogen is the form in which the animal cell stores carbohydrate. 
It is a polymer of glucose and yields glucose on hydrolysis. Cellulose is a 
polysaccharide which serves as the structural component of plant tissues. 
The human digestive tract does not secrete an enzyme which is capable 
of digesting cellulose; when ingested with fruits, vegetables, or as the 
undigestible residue of whole grains, most of it remains unchanged and 
provides the roughage and bulk which is essential for optimal functioning 
of the lower intestinal tract and the formation of the feces. Intestinal 
bacteria may break down and utilize a small part of the cellulose and 
thus indirectly contribute additional nutrients. 

Cereals, vegetables, and fruits are the major natural sources of carbo- 
hydrates. The refined carbohydrates sucrose and starch are ingested in 
considerable quantities in compounded foods (soft drinks, pies, candy, 
puddings, ice cream, sherbet) and foods based on cereals (bread, rice, 
spaghetti, noodles), and starchy vegetables such as potatoes account 
for a major share of our carbohydrate intake. Milk and its derivatives 
contribute lactose to the diet, the only major carbohydrate of animal 
origin in our food supply. 


Digestion and Absorption 


When ingested, carbohydrates are mostly in the form of poly- and 
disaccharides which must be hydrolyzed into simple hexose sugars before 
absorption can take place. The process of digestion is initiated in the 
mouth through the starch splitting action of the salivary enzyme ptyalin. 
This digestive action continues to some degree in the stomach (Chap. 1). 
In the intestinal tract, pancreatic amylase hydrolyzes the remaining starch 
to maltose, and the carbohydrases of the intestinal juice split the di- 
saccharides maltose, lactose, and sucrose into their respective monosac- 
charide components, liberating glucose, galactose, and fructose. These 
hexose sugars are then ready for absorption. 

The small intestine is the principal site of absorption of the mono- 
saccharides. Two types of absorption take place in the small intestine: 
(1) a nonspecific, passive physical process of diffusion which is governed 
by the concentration gradient between the sugar in the intestinal lumen 
and that in the cells of the intestinal mucosa, and (2) an active absorp- 
tion of specific monosaccharides which involves phosphorylation of the 
sugar in the cells of the intestinal mucosa. In contrast to other 5- and 
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6-carbon sugars, glucose, fructose, and galactose are subject to both types 
of absorption; they are therefore absorbed more rapidly and their specific 
absorption rates are independent of their concentration in the intestinal 
lumen. If we arbitrarily assign an absorption rate of 100 for glucose, the 
corresponding absorption rates for other sugars are galactose 110, fructose 
30, sorbose 30, mannose 19, xylose 15, and arabinose 9. 


Carbohydrate Metabolism 


The monosaccharides which have been absorbed from the intestinal 
tract are carried to the liver by the portal circulation. There fructose 
and galactose are quantitatively converted into glucose. The liver cells 
may release this glucose into the blood stream to be distributed to the 
body tissues where it serves as a source of energy. Any excess of glucose 
is polymerized in the liver cells into insoluble glycogen, the storage 
form of body carbohydrate. This conversion of glucose to glycogen is 
reversible; as the need arises, the liver mobilizes glucose from its glycogen 
stores and releases it into the blood stream in sufficient quantity to main- 
tain an optimal blood sugar level. During the immediate absorptive state, 
when hexose sugars (mostly glucose) are actively absorbed from the 
digested food in the intestinal lumen, the blood sugar level rises. This 
postprandial blood sugar tide is being counteracted not only by the” 
active glycogenesis in the liver, but also by withdrawal of glucose from 
the circulation by the various tissues for purposes of energy metabolism 
and for storage against future need. Thus the early postprandial rise in 
blood sugar is followed by a gradual return to the normal blood sugar 
levels of 80 to 100 milligrams per 100 cc in the postabsorptive period. 

Tissues other than liver are also capable of synthesizing glycogen 
from glucose. Thus skeletal, cardiac, and smooth muscles maintain their 
own glycogen stores when at rest or under minor work loads; glycogen 
is also found in smaller quantities in practically all organs of the body. 
It is beyond the scope of this chapter to discuss the detailed physiology 
and biochemistry of muscular contraction; suffice it to say that the energy 
for muscular work is obtained from high energy phosphate compounds 
(adenosine phosphates and creatine phosphate). These are capable of 
yielding immediate energy on demand and restore themselves to their 
previous high energy state by acquiring the energy liberated by the 
oxidation of glucose to carbon dioxide and water inside the muscle cell. 
The basic steps involved are illustrated in Fig. 4, which summarizes the 
Embden-Meyerhof-Parnas scheme of glycolysis. During this main path- 
way of carbohydrate metabolism, glycogen is degraded to glucose, which 
in turn breaks down into two molecules of pyruvic or lactic acid. In the 
presence of sufficient oxygen, lactic acid does not accumulate and the 
pyruvate is oxidized to carbon dioxide and water through the mechanism 
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of the Krebs citric acid cycle (Fig. 5). During continuous muscular ex- 
ercise, lactic acid is formed in the working muscle and diffuses thence 
into the circulation. It is then gradually withdrawn from the blood 
stream by the liver, which converts it into glycogen. fi his liver glycogen 
may, in turn, serve as a source of blood glucose if additional glucose is 
needed to maintain the blood glucose level. 

The amount of reserve glycogen stored in the liver and muscle depends 
largely on the nature of the diet and the amount of exercise. The glycogen 
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reserves are progressively depleted during continuous or violent exercise. 
Cardiac muscle is unique in that it preserves tenaciously its diminishing 
reserves of glycogen, using blood glucose preferentially to furnish energy 
for its muscular contraction. 

Recently another pathway of glucose degradation in animal tissues 
has been described, the hexose monophosphate shunt (Fig. 6). Though 
of no importance in muscle tissue, it may operate in the liver to some 


degree (concurrent with the classical Embden-Meyerhof-Parnas path- 
way ) as well as in other tissues. 
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Relations to Fat and Protein 


The body has a limited capacity for storing glycogen; however, its 
ability to store fat is not nearly so restricted. Thus when carbohydrates 
are supplied by the diet in excess of the capacity of the various tissues 
for oxidation or glycogen storage, they are converted into fat and stored 
as such in the adipose tissues. (This maxim holds true for any food 
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ingested in excess of caloric expenditure and applies to dietary protein 
and fat as well.) Conversely, when carbohydrate is no longer available 
for energy production, the body begins to draw on its other components 
and breaks down tissue fat and protein. A certain minimal amount of 
carbohydrate must be supplied by the diet at all times to prevent the 
wasteful use of dietary protein or, worse yet, protein from the body’s 
metabolic pool or structural components, for purposes of energy supply. 
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This preventative action of carbohydrates is referred to as protein 
sparing. Experience has shown that a maximum protein sparing eee 
is obtained if carbohydrate and protein are ingested simultaneously. 

It has already been mentioned that the production of carbohydrate from 
protein which is ingested in excess of specific amino acid and nitrogen 
needs is a normal process (Chap. 7). Not all amino acids lend themselves 
to sugar formation; nevertheless, up to 58 per cent of dietary protein may 
follow this metabolic pathway. Conversely, nonessential amino acids may 
be synthesized in the body from keto acids derived from carbohydrate 
metabolism. 
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From the foregoing it is apparent that the metabolic pathways of carbo- 
hydrates, proteins, and fats are not exclusive and distinct: they interact 
at many points, and this permits a flexibility in the supply of nutrients 
and mutual substitution within wide limits without serious injury to the 
metabolizing tissues. 
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Carbohydrates and the Diet 
Carbohydrates generally make up the bulk of man’s energy supply. 


Nevertheless, wide variations in the percentage of carbohydrate in the 
diet are still consistent with normal health. In practice, the proportion of 
energy supplied by dietary carbohydrate is governed by ecologic and 
economic factors. Whereas in the tropics carbohydrates are likely to 
contribute up to 80 per cent of the daily caloric needs, herdsmen and 
Eskimos may exist tolerably well on an animal diet which is high in 
protein and fat and in which carbohydrates supply only 20 per cent or 
less of the daily caloric requirement. Economic status and agricultural 
practices greatly influence the proportion of carbohydrates in the diet. 
Rice, potatoes, cereals, flour products, legumes, and vegetables, all pre- 
dominantly carbohydrate foods, are considerably cheaper than meat, 
eggs, poultry, and dairy products, which are primarily sources of proteins 
and fats. It is a well-known fact that the proportion of carbohydrates in 
national diets varies inversely with the standard of living of the countries 
compared, A similar inverse relationship between carbohydrate consump- 
tion and income exists within each country and determines to a large 
extent the carbohydrate intake of different population groups. Current 
nutritional opinion in the United States tends to favor a level of carbo- 
hydrates in the diet which supplies roughly 50 per cent of the total 
energy requirement. This need not be considered a hard and fast rule. 
Economic considerations and regional factors may force a higher propor- 
tion of carbohydrates in many diets; such a food pattern will still be con- 
sistent with optimal nutrition provided that the diet assures an adequate 
vitamin and mineral intake, that it contains sufficient fat to supply the 
essential fatty acids and fat soluble vitamins, and provided that it con- 
tributes a level of protein sufficient to fulfill the needs for growth, defense 
mechanisms, tissue repair, and maintenance. 


CHAPTER 9 


FATS 


Chemistry 


The lipids constitute a somewhat heterogeneous group of compounds 
which are related to one another by the fact that they are insoluble in 
water and soluble in the so-called fat solvents (ether, benzene, chloro- 
form, and others). They either contain one or more fatty acids in the 
molecule or are combined with a fatty acid in their natural state. For 
the nutritionist’s purposes the term lipids is limited to compounds which 
occur in biologic material. 

The lipids may be classified as follows: 


I. Simple lipids: esters of fatty acids with various alcohols. Fats are 
esters of fatty acids with glycerol. Waxes contain alcohols other 
than glycerol; this includes cholesterol esters, which are combina- 
tions of fatty acids and sterol alcohols such as cholesterol. 

II. Compound lipids: esters of fatty acids and glycerol which are com- 
bined with other chemical groups. For instance, the phospholipids 
are substituted fats in which phosphoric acid and a nitrogenous 
base take the place of one fatty acid radical. 

III. Derived lipids: substances derived from the first two groups by 
hydrolysis. 
A. Fatty acids: butyric, oleic, palmitic, stearic, linoleic acid, ete. 
B. Alcohols: glycerol, cetanol, lanol. 
C. Sterol alcohols: cholesterol, ergosterol, sitosterol. 


Fatty acids vary with respect to molecular size and with respect to 
the number and position of double bonds found in the molecule, Those 
with one or more double bonds in the carbon chain which makes up the 
molecule are termed unsaturated; those devoid of double bonds are 
saturated, Unsaturated fatty acids may be artificially modified by the 
saturation of the double bonds with additional hydrogen atoms, which 
converts them into single bonds. This process is referred to as hydro- 
genation. 


The following are some examples of fatty acids of biologic importance 
which are commonly found in foods: 
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Saturated fatty acids 


Empirical formula C,,H»,02 


Source 
IN ons 1 sd sg hay wo bos. Vinegar 
Pratyrio Acid. ...2..,...........-.. Butter 
Palmitic acid.................... Vegetable oils, animal fats 
es i Animal fats, vegetable oils 


Unsaturated fatty acids 


One double bond; empirical formula C,,Hen,_»02 
ta tt es a Vegetable oils, animal fats 
Two double bonds; empirical formula C,H», _,O» 


PTIOUCMOSBMLO © AE vs 5 cise oe ah oe ess Vegetable oils (corn, soy, cottonseed, wheat germ’ 
linseed) 


Three double bonds; empirical formula C,,He,_¢O2 
PUNOMCHIC GIG 5f°225i4 ws eae Saale bans Vegetable oils (linseed) 
Four double bonds; empirical formula C,,H»,_sO» 
ArAehwionic acid: .. >. .4.5) .. sees Found in small quantities in selected animal fats 


Natural fats and oils are usually mixtures of triglycerides with the 
basic formula 


ieee 
aes 
CH,OR; 


where R,, R2, and R; represent identical or different fatty acids. In natural 
fats the component fatty acids of the various triglycerides are usually not 
identical. If the mixture is solid at room temperature, it is called a fat; 
if liquid, it is considered to be an oil. The melting point of a natural fat 
depends on the fatty acids of which it is composed. Hard fats contain 
mostly saturated fatty acids, while liquid oils are made up predominantly 
of unsaturated fatty acids. Saturation of these by hydrogenation will con- 
vert a liquid oil into a hard fat (solid, white vegetable shortenings, 
margarine). The chief sources of food fat are vegetable oils (cottonseed, 
corn, peanut, soy, sesame, olive), butter, margarine, milk, cheese, eggs, 
meats, fish, and nuts. 

Cholesterol is widely distributed in the animal body, especially in 
nervous tissue, blood, and bile. It occurs in the free form or esterified 
with fatty acids. Free cholesterol is the chief constituent of gallstones. 
Cholesterol is the precursor of bile salts and probably of the steroid 
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adrenal and sex hormones. In the skin it serves as a precursor of vitamin D. 
When the skin is exposed to sunlight or ultraviolet irradiation, cholesterol 
and closely related compounds are converted to active vitamin 1: Choles- 
terol facilitates the absorption of fatty acids from the intestine and their 
transportation in the blood by combining with them in the form of 
cholesterol esters, which are more soluble and emulsifiable than the free 
fatty acid molecules. Cholesterol is found only in foods of animal origin 
and is supplied by diets which contain animal meats, glandular organs, 
and fats, but the human body is not dependent on dietary sources for 
its cholesterol supply. It can be, and is, synthesized in the body, the 
main site of synthesis being the liver. The cholesterol level in the various 
tissues is kept fairly constant. The subject of cholesterol levels in blood 
and its relation to atherogenesis and circulatory disease is discussed in 
Chap. 29. 

The three types of phospholipid which are of greatest biologic im- 
portance are the lecithins, cephalins, and sphingomyelins. The first two 
groups are composed of glycerol, two fatty acids, phosphoric acid, and a 
nitrogenous base. Sphingomyelins contain a fatty acid, phosphoric acid, 
and two nitrogenous bases. The phospholipids appear to be essential con- 
stituents of all living cells; they serve as structural components of the 
cell wall and the mitochondria within the cells. They also function as 
metabolic intermediates in transportation and utilization of fatty acids 
and constitute a readily mobilized and metabolized form of fatty acid 
reserve. 


Digestion, Absorption, and Transport 


The primary site of digestion and absorption of fats is the small intes- 
tine. Pancreatic lipase is the most important enzyme concerned with fat 
digestion; intestinal lipase plays a lesser role. Steapsin, or pancreatic 
lipase, hydrolyzes fats to glycerol and fatty acids. Apparently, the 
triglyceride molecule is not attacked equally at all three linkages with 
the component fatty acids, but the hydrolytic action proceeds in stages, 
producing first diglycerides, then monoglycerides, and eventually splitting 
the molecule into glycerol and fatty acids, Di- and monoglycerides are 
efficient emulsifying agents, and with their aid a considerable proportion 
of yet unhydrolyzed triglyceride fat is finely emulsified and may be 
absorbed directly in this form. 

The presence of bile is essential for normal digestion and absorption 
of lipids. The bile salts reduce the surface tension of large globules of 
yet-unhydrolyzed fat and thus facilitate their subdivision into minute 
globules under the constant churning action of the intestine. Conse- 
quently, the food fat is reduced into an ultrafine emulsion which exposes 
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an enormously increased surface of fat molecules to the saponifying 
action of the pancreatic lipase and the alkaline intestinal juice. In ad- 
dition, the bile salts facilitate the solution of the otherwise insoluble, 
partially hydrolyzed glycerides and of the liberated fatty acids in the 
aqueous medium, and thus make possible their absorption by the mucosal 
cells, or their traversing the mucosal barrier directly into the blood and 
lymph vessels of the small intestine. Bile is also responsible for the 
solubilizing of the carotenes and the fat soluble vitamins and is essential 
for their normal absorption. 

After the fatty acids or finely emulsified glycerides have entered the 
cells of the intestinal mucosa, the water soluble bile salt-fatty acid (or 
fat) complex breaks up and the free fatty acids or partially hydrolyzed 
glycerides are converted into neutral fat in the mucosal cell. The bile 
salts are returned to the intestine to continue their ferrying action; a 
certain proportion may also be carried back to the liver by the portal 
circulation. The neutral fat which was synthesized in the mucosal cells is 
extruded into the lacteals, aided by contraction of the cell protoplasm. 
More recent thinking tends to de-emphasize the importance of the for- 
mation, in the mucosa, of neutral fat from the absorbed products of com- 
plete fat hydrolysis. Presumably a fair proportion of finely emulsified 
fat traverses the mucosal cell lining directly through fine openings and 
gains entrance into the lacteals without undergoing complete hydrolysis. 
In either case, the fat appears in the lacteals as a milky emulsion called 
chyle. This chyle passes through the lymphatics to the thoracic duct and 
pours into the venous blood stream at the junction of the left jugular 
and subclavian veins. About 60 to 70 per cent of ingested fat is accounted 
for by this pathway. The remainder enters the capillaries’ of the small 
intestine and is carried to the liver via the portal circulation. It has been 
shown that the more water soluble free fatty acids leave the intestine 
by way of the portal blood circulation while the more fat soluble fatty 
acids and water insoluble glycerides are transported by way of the 
lymphatics and the thoracic duct. 

The melting point is the principal factor which influences digestion 
and absorption of the different edible fats. Fats which melt below 50°C 
(122°F) appear to be more efficiently digested and absorbed than those 
which are quite hard at ordinary temperatures. Most natural edible 
fats—vegetable oils, butter, lard—are digested and_ utilized without 
difficulty. Mutton fat, which melts at 50°C, seems to represent the turn- 
ing point; deer tallow, oleostearin, and fully hydrogenated peanut and 
other vegetable oils are distinctly less well utilized. Commercial mar- 
garine, made from partially hydrogenated vegetable oils, is digested 
and absorbed as easily as butter. 
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Lipids in the Circulation 


Several hours after a fat-containing meal, the plasma has a milky 
appearance because of the presence of finely divided and emulsified 
neutral fat particles termed chylomicrons. The peak of this lipemic 
blood absorption curve is reached at about the fourth to sixth hour after 
ingestion. ‘A similar increase of cholesterol esters and lecithin esters can 
be noted in the blood, which indicates that increased quantities of fatty 
acids are carried in this form. During this postprandial hyperlipemia, 
the coagulability of the blood is increased; the significance of this is 
discussed in the chapter on circulatory diseases. 

It is not too clear how fat leaves the blood stream. Some of it seems 
to become incorporated directly into the fat depots and other tissues, 
while a certain proportion is withdrawn and metabolized by the liver. 

Under most conditions, except after the ingestion of fat-containing 
foods, the level of blood lipids is extremely uniform. The blood lipids 
are found in the form of neutral fat, cholesterol esters, free cholesterol, 
and phospholipids. The neutral fat occurs primarily in the form of the 
aforementioned chylomicrons, fine fat particles with a diameter of one 
micron or less, stabilized by an ultrafine, enveloping film of plasma protein. 
The phospholipids and cholesterol (and probably also the fat soluble 
vitamins and carotenoids) are also transported in the blood in combina- 
tion with specific plasma proteins. These complex structures are referred 
to as lipoproteins. The lipoproteins may be divided into two major 
fractions on the basis of molecular size: (1) a-lipoproteins with a mole- 
cule weight of up to 200,000, and (2) £-lipoproteins which have a 
molecular weight of about 1,300,000. Under normal conditions, the a-lipo- 
proteins account for about 25 to 35 per cent of the total plasma lipids and 
constitute about 3 per cent of the plasma proteins. The £-lipoproteins 
contain up to 75 per cent of the total blood lipids and 5 per cent of the 
plasma proteins. They are made up of about 25 per cent protein, 30 per 
cent phospholipids, and 45 per cent esterified or free cholesterol. 

In addition to the ingestion of fats, other conditions affect major 
alterations in blood lipid levels, in health. During extensive fasting the 
body mobilizes its fat reserves to serve as sources of energy. This outpour- 
ing fat from the fat depots results in a prolonged generalized hyper- 
lipermia. Another condition, age, affects the blood cholesterol levels in 
particular. In the United States, the average level increases from about 
170 to 175 milligrams per 100 cc at the age of 19 to about 240 to 250 
milligrams at the age of 60. 

The nature of the ingested fat also has an important bearing on blood 
lipid levels. When the proportion of “saturated” fats (fats rich in saturated 
fatty acids) is high in the diet, 8-lipoprotein and cholesterol blood levels 
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tend to increase. When other fats, higher in unsaturated fatty acids, are 
fed, blood £-lipoprotein and cholesterol levels decrease. Thus a high 
intake of milk fat, lard, and coconut oil makes for higher blood cholesterol 
levels than are seen when a high proportion of dietary fat is composed of 
corn oil, soybean oil, or certain fish oils. The significance of the blood 
lipid picture and its possible relation to degenerative circulatory disease 
is discussed in detail in Chap. 29. 


Fat Metabolism 


The metabolism of the glycerol and fatty acid moieties of ingested 
fat follows independent pathways. The glycerol which was set free by 
the hydrolysis of fat is phosphorylated in the liver and converted into 
glucose. From this point on, its metabolism becomes merged with that 
of other carbohydrates. 

Much of the metabolism of the fatty acids takes place in the liver. 
Fatty acids originating from absorbed fat, or released from the adipose 
tissues, are converted into phospholipids through phosphorylation and 
combination with glycerol and choline (or similar nitrogenous bases). 
If insufficient choline is available, phospholipid formation is interrupted 
and fatty acids tend to accumulate in the liver, since fatty acids are 
transported from the liver to other tissues largely in this (phospholipid) 
form. Ordinarily, sufficient choline is ingested in the form of dietary 
phospholipids (eggs and foods of animal origin). Choline may also be 
synthesized in the body from the amino acid methionine. Choline and 
methionine are referred to as lipotropic factors since they promote trans- 
port and utilization of fats and since in their absence phospholipid 
synthesis in the liver is impaired and fatty acids accumulate in this organ, 
resulting in an abnormal fatty liver. 

Fatty acids are oxidized in the liver and muscle tissue and yield energy 
during this process. Several theories have been advanced to explain the 
actual mechanism. The omega oxidation theory holds that the terminal 
methyl group of the fatty acid molecule is oxidized to a carboxyl group, 
after which beta oxidation (see below) proceeds from both ends of the 
molecule. The multiple alternate oxidation theory suggests that oxidation 
occurs not only at the £-carbon, but that simultaneous oxidations occur 
at other alternate carbon atoms in the fatty acid chain, resulting in the 
formation of 2- and 4-carbon compounds. The beta oxidation theory is 
probably the. most accepted hypothesis. According to this mechanism, 
the fatty acts are oxidized at the B-carbon (the second carbon from 
the carboxyl end group on the molecule). Subsequently, a 2-carbon 
fragment is split off from the newly formed -keto acid. This process 
is repeated, yielding a progressively shorter fatty acid molecule, until 
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the 4-carbon stage is reached. The keto acids acetoacetic acid and f-hy- 
droxybutyric acid are formed when the remaining 4-carbon fragment 
(butyric acid) is oxidized. These “ketone bodies” are not oxidized further 
in the liver; instead they are carried to the other body tissues where they 
participate in the oxidative metabolism of carbohydrates in the Krebs 
cycle (Fig. 5) and are eventually oxidized to carbon dioxide and water. 

Whenever large amounts of fat are metabolized and the rate of ketone 
body formation exceeds the rate at which they can be metabolized, the 
concentration of nonoxidized ketone bodies in the blood increases, the 
blood pH is shifted to the acid side (acidosis), and eventually “ketosis” 
ensues. Some of the acetoacetic acid is decarboxylated, liberating carbon 
dioxide and yielding a third “ketone body,” acetone. Some of the excess 
of ketone bodies is excreted into the urine (ketonuria). Such abnormal 
fat metabolism may be seen to a greater or lesser degree whenever 
large amounts of fat are ingested in the absence of carbohydrates, or 
during prolonged starvation when the carbohydrate stores of the body 
are exhausted and fat alone, from the fat depots, is burned for energy. 
A similar but even more severe situation exists in uncontrolled diabetes, 
when the fat metabolism is increased (since the energy needs of the 
diabetic are not satisfied through normal carbohydrate breakdown) and 
when the rate of ketogenesis exceeds that of oxidative disposal of the 
accumulating ketone bodies. 


Synthesis and Storage 


The fat depots of the body are found under the skin, in the peritoneal 
cavity (mesenteric and omental fat), around kidneys and ovaries and 
interspersed with the muscles. The subcutaneous fat is the most labile 
and responds first to dietary deprivation. Surplus quantities of fats and 
carbohydrates, ingested in excess of the individual’s caloric needs, or 
proteins supplied in excess of specific amino acid needs and energy 
requirements are incorporated into the adipose tissues; in the case of 
carbohydrates and amino acids this process is preceded by a conversion 
to fat. Acetate, a 2-carbon compound, is the active intermediate in the 
synthesis of fat from nonfat sources. The acetate is esterified with 
coenzyme A into a metabolically active form, acetyl coenzyme A. This 
fundamental building block for fats is built up 2 carbons at a time into 
higher fatty acids. 

Fat synthesis takes place in the liver and mammary gla~ads, in many 
other tissues, and in the adipose tissue itself. The® a which is 
formed in the adipose tissues consists primarily of neutral fat (triglye- 
erides) in contrast to the phospholipids and cholesterol, which are 
synthesized in the more actively functioning organs. 
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Essential Unsaturated Fatty Acids 


Apparently not all fatty acids can be synthesized de novo in human 
and animal tissues. Early experimental work has shown that complete 
exclusion of fat from an otherwise adequate diet induces cessation of 
growth, scaliness of skin, impaired reproduction, and kidney damage 
in young rats. These abnormalities are cured, or prevented, by the feeding 
of small amounts of linoleic or arachidonic acid. It has been shown since 
that these fatty acids are essential for a wide range of animals, most of 
whom respond to the specific dietary deficiency by histologic abnor- 
malities in the skin. It appears that although animal tissues are capable 
of synthesizing most saturated and unsaturated fatty acids, they cannot 
produce unsaturated fatty acids of the linoleic series, which have a double 
bond in the number 6 position (counting from the methyl end of the 
molecule), unless a dietary precursor is furnished. Specifically, linoleic 
acid cannot be synthesized de novo; if linoleic acid is supplied in the 
diet, the tissues can synthesize arachidonic acid from it. Arachidonic 
acid alone or arachidonic and linoleic acids are essential for maintenance 
of a normal skin structure in the young. This need is less readily demon- 
strated in the adult animal, perhaps because of accumulated body stores 
of these essential fatty acids. 

During recent years strongly suggestive evidence has been obtained 
that the above may hold true for man as well. Infants experimentally 
deprived of the essential fatty acids develop an eczematous dermatitis 
which responds specifically to the administration of linoleic and/or 
arachidonic acid. A decrease in the plasma levels of these fatty acids 
parallels the skin lesions. In adults, skin lesions do not appear on depriva- 
tion, and only the change in plasma levels is demonstrable. 

The essential fatty acids are found in natural vegetable oils, in the 
fat of mammalian organ tissues (and to a lesser extent in that of muscle 
tissue), in poultry fat, and in fish oils. Since the chances of ingesting 
essential unsaturated fatty acids are inversely related to the proportion 
of ordinary saturated fats in the diet, it would probably be wise to add 
to the existing concept of a balanced diet (i.e., protein/fat/carbohydrate/ 
minerals/vitamins ) a new proviso concerning a (yet-unspecified ) balance 
between the intake of saturated and unsaturated fats. 


Physiologic and Nutritional Role of Fats 


The contporary emphasis on a possible relationship between dietary 
fat and atherosclerosis should not obscure the fact that fat is a necessary 
component of living tissues and essential in human nutrition. 

Fat per se lends palatability to the meal, and a certain amount of it is 
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essential to make the diet acceptable to most individuals. Many of the 
substances responsible for the flavor and aroma of foods are fat soluble 
and are found associated with the fat in the diet. 

Fats slow the emptying time of the stomach and decrease intestinal 
motility. This deceleration of the digestive process delays the onset of the 
sensation of hunger. Thus fat-containing meals have a high satiety value; 
they “stick to the ribs” longer. . 

Fats are the most concentrated energy source which the diet can 
provide. Weight for weight, they provide more than twice as much 
energy as proteins or carbohydrates and combine a high quota of calories 
with very little bulk. This is an important consideration not only from 
the standpoint of the volume of food taken in, but also from the point 
of view of body economy and physical dimensions, since fat is the sole 
source of energy which the body can store in quantity. 

Last but not least, a balanced fat intake is essential to ensure the dietary 
supply of the essential fatty acids and of the fat soluble vitamins. 


Levels of Fat in the Diet 


Just as the proportion of carbohydrate in the human diet is influenced 
by the standard of living, economic factors seem to govern the level of 
fat in many food patterns. However, whereas the proportionate intake 
of carbohydrates varies inversely with economic status, the intake of fat 
varies directly with the ability to pay for food. In underdeveloped, over- 
populated parts of the world fats may contribute 6 to 10 per cent of the 
total calories provided by the diet. This contrasts sharply with the 
United States and Canada, where about 35 to 44 per cent of the dietary 
calories are obtained from fat. A similar principle applies to indi- 
viduals within a given country; the percentage of fat in the family diet 
tends to increase with increased availability of money for the purchase 
of more fat-containing foods like meats, eggs, and dairy products. 

The 1948 recommendations of the Food and Nutrition Board of the 
National Research Council suggested that enough fat be included in the 
diet to account for at least 20 to 25 per cent of the total calories and that 
at least 1 per cent be contributed by the essential fatty acids. The Canadian 
Dietary Standards favor a low level of 25 per cent of total calories. Cur- 
rent thinking favors a judicious examination of the prevalent United States 
level, and attention is being focused on a higher intake of unsaturated 
fatty acids through a more equitable balance of saturated and unsaturated 
fats in the diet. (These aspects are discussed further in Chap. 21, Obesity 
and Leanness, and Chap. 29, Nutrition and Diet in Cardiovascular Dis- 
eases ). However, to date it has not yet been possible to state definitely 
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what is an optimum allowance for fat in the diet or to indicate the 
characteristics of a fatty acid mixture most favorable for the support of 
health. Accordingly, no definite allowance for fat in the diet was sug- 
gested in the 1958 revision of the Food and Nutrition Board’s Recom- 
mended Dietary Allowances. 


CHAPTER lO 


THE VITAMINS 
I: FAT SOLUBLE 


The vitamins constitute a group of organic compounds which are essential 
in small quantities for the normal metabolism of other nutrients and 
maintenance of physiologic well-being. These compounds cannot be 
synthesized by the body and must be obtained from the diet. The various 
vitamins differ greatly in chemical composition and in their ultimate 
functions in the body. They are found in varying quantities in different 
foods; most foods contain a variety of vitamins, but no one food con- 
tains all of them in sufficient quantity to satisfy the human requirements 
under normal conditions of food intake. In contrast to macronutrients 
like proteins, carbohydrates, fat, and water, vitamins are required in 
relatively small quantities. This is explained by the fact that the function 
of many vitamins is primarily catalytic; they are components of enzyme 
systems which facilitate essential metabolic reactions. While major quan- 
tities of the macronutrients and their metabolic intermediates and deriva- 
tives are involved in these reactions, only minor quantities of the essential 
organic catalysts are required to facilitate and accelerate them, and 
ordinarily the enzyme system involved is used only up to a minor degree. 

Vitamins have come into prominence by virtue of the deficiency dis- 
eases which are caused by their prolonged absence in the diet. Much of 
the early investigative work was concerned with the search for the un- 
known accessory dietary factors which would prevent classic deficiency 
diseases like rickets, scurvy, and beriberi, which used to accompany man’s 
existence for long periods on a limited or artificially altered diet. Much 
of the more precise knowledge on vitamin action was later obtained from 
animal experiments with purified diets to which specific nutrients were 
added in a search for “vitamin activity.” The most significant attainment 
of contemporary research in this field is the chemical identification and 
synthesis of the vitamins and the recognition of their specific, distinct, 
biochemical roles in human metabolism. The recognized vitamins have 
all been isolated in pure, crystalline form. They are now identified by 
specific chemical names, and their human requirement, so far as known, 
is expressed in terms of milligrams of the pure substance or in terms of 
units, which in turn are based on specified quantities of the pure chemical. 
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Nomenclature and Grouping 


Original designation Contemporary terminology 
Vitamin A Vitamin A 
\ itamin B Thiamine (vitamin By, aneurin) 
Vitamin Bo, G Riboflavin 
Pellagra preventative 

factor Niacin (nicotinic acid), or niacinamide (nicotinamide) 
Water soluble 

vitamin B complex.-...- Pyridoxine (vitamin Be) 


Vitamin By, cyanocobalamine 


Vitamin M Folie acid, folacin 
Pantothenic acid 
Biotin 
Vitamin C Ascorbic acid 
Vitamin D Vitamin D (calciferol) 
Vitamin E Vitamin I. (a-tocopherol) 
Vitamin K Vitamin K (menadione) 


Traditionally, the vitamins have been divided into two groups, on the 
basis of their solubility. Actually, a certain usefulness is derived from such 
a grouping since it aligns the vitamin according to certain common 
physiologic characteristics. Thus the fat soluble vitamins A, D, E, and K 
are found in foods in association with lipids. These fat soluble vitamins 
are absorbed along with dietary fats, and conditions unfavorable to normal 
fat uptake also impair their absorption. They are not normally excreted 
in the urine; they tend to be stored in the body in moderate quantities, 
and given such reserves, man is not absolutely dependent on their day-to- 
day supply in the diet. In contrast, the water soluble vitamins are not 
associated with dietary lipids and derangement of lipid uptake does not 
interfere with their own absorption. They are normally excreted in small 
quantities in the urine. Most of the water soluble vitamins are proven 
components of essential enzyme systems. They are not stored in the body 
in appreciable quantities, and a constant dietary supply of these vitamins 
is desirable to avoid their depletion and the attendant derangement of 
normal physiologic functions. 


Vitamin A 


Chemistry 

Vitamin A is a pale, viscous, fat soluble alcohol. Two closely related 
forms of the vitamin are known: (1) Vitamin A; (C2»H2,»QH) is the form 
found in mammals and salt-water fish and is the substance usually re- 
ferred to as vitamin A. Its molecular structure is as follows: 
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It is fairly heat stable but easily destroyed by oxidation. (2) The closely 
related vitamin A», found in fresh-water fish, has an additional double 
bond in the B-ionone ring and a modified terminal group. Both com- 
pounds possess similar biologic activity, but vitamin A; is the substance 
which is of primary importance in human physiology. Vitamin A is found 
in nature to a large extent in the form of its precursors, the carotenoid 
provitamins a-, B-, and y-carotene, lycopene, and cryptoxanthine (the 
yellow and orange pigments of most fruits and vegetables). Vitamin A 
is formed in the body of man or fish from these precursors after a hy- 
drolysis which yields one or two molecules of vitamin A per carotene 
molecule, depending on the number of f-ionone rings present. £-carotene, 
which incorporates two £-ionone rings in its molecular structure, yields 
two molecules of vitamin A on hydrolytic splitting and is thus quantita- 
tively the most important provitamin A. The conversion of the precursors 
to the physiologically active vitamin takes place chiefly in the cells of the 
intestine, and perhaps to a lesser extent in the liver. 


Physiology 


Vitamin A is essential for the integrity of epithelial tissues and normal 
growth of epithelial cells. Deficiency of vitamin A results in atrophy of 
the normal epithelial cell layer followed by proliferation of the basal 
cells and metaplasia to a stratified, keratinized epithelium. In mucous 
membranes, secretory function is deranged and eventually obliterated. 
These changes may occur in the mouth, the respiratory tract, the urinary 
tract, the female genital tract, the prostate and seminal vesicles, and in 
the eyes and paraocular glands. In nonsecretory, protective epithelium, 
vitamin A deficiency results in hyperkeratinization. Vitamin A plays an 
important part in normal vision. It is found in the normal retina, asso- 
ciated with a specific protein (opsin), in the form of the visual pigment 
rhodopsin (visual purple). On exposure to light, rhodopsin is converted, 
in steps, to visual white. This reaction is reversible, and visual purple is 
later reconstituted. However, restoration of visual purple is only partially 
complete, and a fresh supply of vitamin A must be available to permit 
complete regeneration of the normal complement of visual purple. In- 
complete regeneration, as is found in vitamin A deficiency, results in im- 
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pairment of vision in subdued light when this follows previous exposure 
to bright light. This type of night blindness, or lack of dark adaptation, is 
rapidly amenable to vitamin A administration. 

A third function of vitamin A is concerned with its effect on growth 
of developing bony structures and teeth. Apparently vitamin A is essential 
for orderly activity of osteoblasts and osteoclasts; a deficiency (in animals, 
at least) results in impaired epiphyseal bone formation and formation of 
hypoplastic teeth, having a thin and defective enamel. 

The symptomatology of vitamin A deficiency is discussed in Chap. 22, 
Malnutrition and Deficiency Diseases. 


Absorption and Storage 


Unless the diet is rich in liver, eggs, butterfat, or fish-liver oils (which 
contain large amounts of vitamin A), much of the vitamin is ingested in 
the form of its carotenoid precursors. Vitamin A and the carotenoids 
require the presence of bile in the intestinal tract and conditions favorable 
to fat absorption in general. Chronic diarrhea, biliary and pancreatic dys- 
function, celiac disease, or sprue will interfere with proper absorption of 
carotene and vitamin A. The continued ingestion of large quantities of 
mineral oil (for laxative purposes) may also impede carotene and vitamin 
A absorption since both dissolve preferentially in the liquid petrolatum 
which serves as a vehicle that carries them out of the intestinal tract. 

The liver stores roughly 95 per cent of the body’s vitamin A reserves. 
Normally this amount is smallest at birth and in childhood and increases 
with advancing age. There is an increased need for the substance during 
pregnancy and lactation. 


Hypervitaminosis A 


Excessive carotene intake may produce carotenemia and a concomitant 
yellow discoloration of the skin (see Chap. 35, Nutrition in Diseases of 
the Skin). Prolonged, excessive intake of vitamin A (usually due to ex- 
cessive dosages of vitamin A preparations) may result in a toxicity syn- 
drome which is characterized by excessive bone fragility and deep bone 
pain, enlargement of the liver and spleen, drying and peeling of the skin, 
general pruritis, loss of hair, nausea, headache, and elevated blood alkaline 
phosphatase. The symptoms of hypervitaminosis A are reversible if the 
abnormally high vitamin A intake is stopped. 


Sources 

Vitamin A per se is obtained only from animal sources, while the carot- 
enoid precursors are supplied in abundance by the dark green and deep 
yellow vegetables and yellow fruits. The following are good dietary 
sources: liver, egg yolk, dark green leafy vegetables, deep yellow vege- 
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tables, tomato and tomato products, liver sausage, butter, fortified mar- 
garine, and cheese made from whole milk. The reader is referred to the 
Tables of Food Composition in the Appendix for specific data on the vita- 
min A content of foods. 


Stability 

Heat in itself is not inimical to vitamin A, but oxidation is, and it is 
more destructive at higher temperatures. Therefore the potential loss of 
vitamin A in food preparation, cooking, canning, and processing depends 
on the skill with which air (oxygen) is excluded. Ordinary cooking or 
processing in closed equipment causes little loss of provitamin A from 
vegetables and fruits, especially since the fat soluble carotenoids are not 
extracted by the cooking water. 


Standards and Requirements 


The international standards are sponsored by the World Health Organ- 
ization of the United Nations, and the U.S. Pharmacopeia units usually 
follow them closely. The International Unit (I.U.) of provitamin A is 
defined as the activity of 0.6 microgram of pure f-carotene. Similarly, the 
activity of 0.3 microgram of crystalline vitamin A alcohol (or 0.344 of 
vitamin A acetate) is defined as 1 unit. Practice has shown that, on 
the average, ingested carotene has about half the biologic activity of 
vitamin A. This discrepancy exists largely because of incomplete ab- 
sorption and to a lesser extent because carotenes from different sources 
vary in their B-ionone content. and in their availability to man. For the 
purposes of food planning it is safe to assume that 2,000 units of provita- 
min A in food equals 1,000 units of biologically active vitamin A in the 
body. 

The Food and Nutrition Board of the National Research Council has 
adopted a recommended allowance of 5,000 I.U. of vitamin A per day 
for adults. For children, the recommended daily intake varies from 1,500 
LU. for infants to 4,500 I.U. for boys and girls at the ages of 10 to 12. 
The allowance for pregnant women in the second semseter is 6,000 I.U., 
and that for lactating mothers is 8,000 I.U. per day (Table 22). The 
Canadian Standards call for a basic requirement of 72 units of carotene 
per kilogram of body weight per day; this allocates 5,000 units of carotene 
for an adult who weighs 70 kilograms. The minimum requirement for 
vitamin A is about 6 micrograms per kilogram of body weight per day. 
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Vitamin D 


Chemistry 


There are several sterol compounds which are capable of preventing or 
curing rickets. Of these, two are of primary practical importance at 
present, vitamin D»y and vitamin Ds. Vitamin Ds, or calciferol, is pre- 
pared by ultraviolet irradiation of the plant sterol ergosterol (activated 
ergosterol); it is a white crystalline material, soluble in fat and fat 
solvents, and stable to heat, acids, alkalies, and oxidation. Its empirical 
formula is C2sH4,O, and it has a melting point of 117°C. 
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Vitamin D; is a very similar compound; it is formed in the human skin 
from 7-dehydrocholesterol on exposure to sunlight or ultraviolet light (at 
a wavelength of 235 to 315 millimicrons). Its empirical formula is 
C27H4,0, and it has a melting point of 82 to 83°C. In contrast to vitamin 
Ds, vitamin Dy» (calciferol) does not occur naturally. Both forms are of 
equal biologic value in man. 


Physiology 


Vitamin D increases the utilization and retention of calcium and phos- 
phorus in the body. It increases the absorption of dietary calcium and 
phosphorus from the intestine; it also has the specific effect of reducing 
the excretion of phosphorus in the urine by stimulating its resorption in 
the renal tubules. In addition to maintaining proper calcium and phos- 
phorus levels in the blood, thus ensuring conditions generally favorable 
to normal mineralization of growing bone structures and remineralization 
of mature bone, vitamin D probably has a specific action at the site of 
mineral deposition in developing bone. Indirect evidence indicates that 
vitamin D is essential for the conversion of organic phosphorus to in- 
organic phosphorus in bone. 

A deficiency in vitamin D results in inadequate intestinal absorption 
of calcium and phosphorus and in increased loss of these minerals via the 
urine and feces; there is an attendant fall in serum calcium and phos- 
phorus levels (the decrease in the latter is especially pronounced ), and 
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calcium must be mobilized from bone in order to maintain normal blood 
calcium levels. This demineralization of bone in adults is referred to as 
osteomalacia. The features which differentiate vitamin D deficiency in 
adults (osteomalacia) and children (rickets) are caused by the fact that 
the ends of children’s bones are in a state of active growth. Here the 
organic cartilaginous matrix which precedes hard bone formation is 
formed, but calcium and phosphorus salts are not deposited in it. The 
cartilage cells do not degenerate, so that the growing capillaries which 
normally push forward in the direction of intended growth cannot ex- 
pand further. This results in a typical rachitic metaphysis, manifested 
clinically as a beading of the rib ends and a widening of the ends of the 
long bones. Inadequate mineralization also results in a soft skull (cranio- 
tabes) and delayed closure of the anterior fontanelle. The combination 
of retarded or insufficient mineralization and the normal mechanical 
stress results in skeletal malformations such as bowleg, knock-knee, curva- 
ture of the spine, and pelvic and thoracic deformities. The teeth of 
rachitic children erupt late, are less well formed, and decay early. A de- 
tailed discussion of rickets and osteomalacia in adults is found in Chap. 
22, Malnutrition and Deficiency Diseases. 


Hypervitaminosis D 


Prolonged, excessive intake of vitamin D, such as a daily administration 
of 10,000 to 20,000 units to children and 100,000 units to adults, may result 
in a toxicity syndrome which is being diagnosed with increasing fre- 
quency. (In fact, daily administration of more than 1,200 units to infants 
is undesirable.) The effects resemble hyperparathyroidism. The syndrome 
is characterized by anorexia, vomiting, headache, drowsiness, and diar- 
rhea. Polyuria and polydypsia as well as dysuria may occur. The serum 
calcium and phosphorus levels are increased, and ectopic calcium de- 
posits may be found in the heart, large vessels, renal tubules, and other 
soft tissues. The effects of this hypervitaminosis are reversible if the ab- 
normally high administration of vitamin D (usually by the hands of a 
misguided mother) is stopped. A temporary concomitant low calcium 
diet may also be indicated during the period of adjustment. 


Absorption and Storage 


Being a fat soluble compound which is associated with fats in food, 
vitamin D is absorbed in the intestine with the dietary lipids. Conditions 
which interfere with the absorption of fats—idiopathic steatorrhea, celiac 
disease, sprue, and biliary and pancreatic dysfunction—decrease the ab- 
sorption of vitamin D. Ingestion of marked quantities of mineral oil has 
the same effect (see section on vitamin A). Vitamin D deficiency may 
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result from inadequate intake of the vitamin as well as from lack of 
sunshine. 

After absorption from the intestine, or formation in the human skin, 
vitamin D is transported to the liver, where it is chiefly stored; other 
deposits are found in the skin, brain, spleen, and bones. The body can 
store sizable reserves of vitamin D, just as is the case with other fat soluble 
vitamins. These reserves probably account for the infrequency of vitamin 
D deficiency in adults; the most common deficiency is in the rapidly grow- 
ing infant who has had little opportunity to accumulate adequate body 
stores. 


Sources 


Most foods contain little or negligible amounts of vitamin D. The 
natural foods which contain it are of animal origin. Salt-water fish, espe- 
cially those which are high in body oils (salmon, sardines, herring), 
supply satisfactory quantities. Fish-liver oils are very rich sources of the 
vitamin, but they must be considered medicinal preparations. Liver and 
liver sausage are a satisfactory source. Egg yolks contain substantial 
amounts, and so does summer milk, since the cows are exposed to a 
maximum of sunlight during the summer months. Because vitamin D is 
present in natural foods in small amounts and its content in the few food 
sources is variable and depends greatly on the season, the requirements 
for this vitamin are largely met by artificial enrichment of suitable foods, 
by exposure to sunlight, and, in the case of some infants, by pharmaceuti- 
cal supplementation. Fresh milk, fortified with 400 units of vitamin D 
per quart is widely available. Virtually all evaporated milk is fortified 
to supply this amount per reconstituted quart; this is of importance since 
evaporated milk is very widely used as a base for infant feeding formulas. 
_ Some brands of butter and practically all makes of margarine are likewise 
enriched with vitamin D. (Most brands of margarine are fortified to 
contain 15,000 units per pound.) The past enrichment of bread with this 
vitamin has largely ceased with the advent of the thiamine, niacin, ribo- 
flavin, and iron enrichment program for bread during World War II. 


Standards and Requirements 


The international standard of vitamin D is the international unit (1.U.), 
which represents the biologic activity of 0.025 microgram of vitamin 
D, (1 milligram of vitamin D; equals 40,000 I.U.). For all practical pur- 
poses the U.S.P. unit and the International Unit are identical. 

The daily intake recommended by the Food and Nutrition Board of 
the National Research Council is 400 I.U. for infants, children, adolescents, 
pregnant women (in the second half of pregnancy ), and lactating mothers. 
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The vitamin D requirement for nonpregnant, nonlactating adults is mini- 
mal and unspecified. The Canadian Standards also call for 400 units, but 
specify 400 to 800 units daily for infants. A quart of reconstituted evapo- 
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rated milk or of fresh vitamin D fortified milk supplies the daily require- 
ment for this vitamin (400 units). When these foods are used in infant 
feeding, additional supplements of vitamin D become superfluous, de- 
pending on the quantity of milk or formula consumed. 


Vitamin E 


Chemistry 


At least four closely related compounds possess vitamin E activity: 
a-, B-, y-, and A-tocopherol. These are viscous oils, soluble in the fat 
solvents, stable to heat and acids and unstable to alkalies, ultraviolet 
light, and oxygen. All are powerful antioxidants, protecting the oils with 
which they are associated in nature against oxidation (and the attendant 
rancidification ). Alpha tocopherol is the physiologically most powerful 
vitamin E compound. It has a molecular weight of 430, and its empirical 
formula is Co9H59Or. 
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(a-tocopherol) 
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Physiology 


Vitamin E is an essential dietary factor for a number of animals. A 
deficiency in this vitamin results in degeneration of the germinal epi- 
thelium and immobility of spermatozoa in the male rat and termination 
of pregnancy and fetal death in the female rat. In other animals, de- 
ficiency results in generalized edema or a progressive muscular dystrophy 
with characteristic lesions in striated and cardiac muscle and abnormal 
creatinuria. The status of vitamin E in human nutrition remains obscure 
at the present time. Though clinical syndromes associated with vitamin E 
deficiency have been diligently sought for years, to date no definite 
syndrome has been found in man which can be attributed to absence of 
tocopherol or which may be specifically corrected by administration of 
vitamin E. Increased sensitivity to hemolysis of erythrocytes by hydrogen 
peroxide, low a-tocopherol blood and tissue levels, and creatinuria have 
been described in newborn infants and in adults with biliary and pan- 
creatic dysfunction, or after long-continued experimental depletion, but 
to date there exists no conclusive proof of the essential nature of this 
factor for man. Vitamin E is regularly consumed by man in all practical 
diets. It is absorbed in a fashion similar to the other fat soluble vitamins, 
and it is stored in the human body (primarily in the fat depots). Defini- 
tion of its role in human physiology and nutrition still awaits the future. 


Sources 


The richest dietary sources of vitamin E are certain seed oils, liver, 
and eggs. Wheat-germ oil is particularly rich in a-tocopherol. 
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Vitamin K 


Chemistry 

Numerous naphthoquinone compounds with vitamin K activity are 
known. The simplest and biologically most potent is menadione, or vita- 
min K3, a synthetic, yellow crystalline powder. It is fat soluble, stable to 
heat, and labile to oxidation, alkali, strong acids, and light. Menadione is 
2-methyl]-1,4-naphthoquinone; its molecular weight is 172, and its em- 
pirical formula C,,HsO2. ’ 

There are two major natural sources of vitamin K. Vitamin K, is 
ingested with plant food sources, particularly leafy vegetables (2-methyl- 
3-phytyl-1,4-naphthoquinone; C31H46O2; molecular weight 451). In con- 
trast, the bacterial flora of the human intestinal tract synthesizes vitamin 
Ky (2-methy]-3-difarnesy]-1,4-naphthoquinone; C4;H;5O02; molecular 
weight 581). 
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Vitamin K, 
Physiology 


Vitamin K is essential for synthesis of prothrombin by the liver and 
is thus required for the maintenance of a normally functioning blood clot- 
ting mechanism. Though it plays an indispensable role in the synthesis of 
prothrombin, it is not actually incorporated into the prothrombin mole- 
cule, Deficiency of vitamin K results in reduced blood prothrombin levels, 
with a consequent reduction in the coagulability of the blood and increased 
bleeding tendency. Not all cases of hypoprothrombinemia are due to a 
vitamin K deficiency; liver dysfunction or injury may be the cause, and 
indeed the lack of response of hypoprothrombinemia to vitamin K admin- 
istration is an effective test of liver function. Further aspects of vitamin K 
deficiency are discussed in Chaps. 35 and 37. 


Absorption and Storage 


Vitamin K is fat soluble. Conditions which impair lipid absorption 
in the intestine—biliary and pancreatic dysfunction, sprue, celiac disease, 
and idiopathic steatorrhea—also interfere with normal vitamin K absorp- 
tion and may lead to a hypoprothrombinemia and bleeding tendency. 
Long-continued ingestion of mineral oil interferes markedly with proper 
absorption of the vitamin (see section on vitamin A). Much vitamin Ks 
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is elaborated by the intestinal microflora and subsequently absorbed from 
the intestine. Hypoprothrombinemia can be precipitated by sterilization 
of the intestine with sulfa drugs and antibiotics, and this must be kept in 
mind in preparing patients for abdominal surgery. In the newborn infant 
low blood prothrombin levels can be observed for several days after birth 
until an intestinal flora has been established and serves as a source of 
vitamin K. The vagaries of absorption and of synthesis by the intestinal 
flora influence the individual’s supply of vitamin K much more than 
deliberate choice of food sources of this factor. In fact, human vitamin 
K deficiency due to dietary restriction has yet to be demonstrated. 

Vitamin K is apparently not stored in large quantities in the body. 
The liver serves as the primary site for storage. 


Sources 


Vitamin K is widely distributed in nature. The richest food sources 
are green, leafy vegetables. Seeds, tubers, and fruit contain markedly less 
of the vitamin than green leaves. Pork liver is a very rich source, while 
eggs and milk contain small amounts. Man’s most important source of 
vitamin K appears to be his intestinal bacterial flora, which provides him 
with adequate amounts of the vitamin under normal conditions. Con- 
sidering this source of supply, it is clear why no definite dietary require- 
ments have been set for vitamin K under normal circumstances. The 
synthetic vitamin may be administered to mothers in labor or to their 
newborn infants in situations conducive to neonatal hemorrhage (erythro- 
blastosis, prematurity, anoxia) in dosages of 2 to 5 milligrams for the 
mother or | to 2 milligrams for the infant. 


TABLE 11. Viramin K IN Foops 
(Milligrams of vitamin K; per 100-Gm edible portion) 
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CHAPTER II 


THE VITAMINS 
Hl: WATER SOLUBLE 


Thiamine 


Chemistry 


Thiamine (vitamin B,) is a water soluble, crystalline compound, rela- 
tively stable to dry heat, and labile to oxidation and an alkaline pH. It 
has a melting point of 248 to 259°C and a molecular weight of 337; the 
empirical formula of the hydrochloride is CyH;7N,OSCl1-HGI:; 


NH>-HCI Ms 
Z : C—=C—CH>CH,OH 
Nm PC=C==N 
ne | | | ea 


Thiamine hydrochloride 


Metabolic Role and Physiology 


The pyrophosphoric ester of thiamine is called cocarboxylase, thiamine 
pyrophosphate (TPP), or diphosphothiamine (DPT). It is an essential 
coenzyme in decarboxylation reactions which are catalyzed by specific 
carboxylases and participates in nearly all oxidative decarboxylations 
which lead to the formation of CO. Cocarboxylase is of primary im- 
portance in the oxidative decarboxylation of pyruvic acid, and in its ab- 
sence this essential step in carbohydrate metabolism does not take place 
(Chap. 8) and pyruvic and lactic acids accumulate. Most decarboxylating 
enzymes which have been studied consist of thiamine pyrophosphate and 
magnesium, linked to a substrate-specific protein. Apparently all nu- 
cleated cells can form the necessary carboxylase systems if supplied with 
thiamine. The thiamine requirements of the body are roughly propor- 
tional to the caloric expenditure of the body referable to carbohydrate 
metabolism and the carbohydrate content of the diet. Thiamine is not 
stored to any appreciable extent, and the total amount in the body suffices 
for only a few weeks of normal functioning. 

The primary result of thiamine deficiency is a biochemical lesion, 
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impaired carbohydrate metabolism at the pyruvate stage, due to lack of 
cocarboxylase, with abnormal accumulation of intermediate compounds. 
Thiamine deficiency expresses itself clinically as beriberi in several dis- 
tinct forms: (1) the “dry” type—multiple peripheral neuritis with sub- 
sequent muscular atrophy; (2) “wet” beriberi—beriberi with generalized 
edema and effusions into the body cavities (with or without myocardial 
lesions and insufficiency ); (3) combination of dry and wet beriberi; and 
(4) infantile beriberi. The recovery from the symptoms of thiamine dep- 
rivation is spectacular once adequate amounts of thiamine are adminis- 
tered. It is of interest that bed rest and fasting have an ameliorating effect 
on the early stages of thiamine deficieney. This observation is consistent 
with the principle that thiamine is essential for a normal carbohydrate 
metabolism; exercise would increase the latter (and thus the need for 
thiamine), while bed rest will spare it; and during fasting, in the ab- 
sence of carbohydrate intake, fat mobilization and fat metabolism (which 
requires less thiamine) will supply the body’s energy needs. 

The symptomatology of thiamine deficiency is discussed in Chap. 22, 
Malnutrition and Deficiency Diseases. 


Sources 


The food sources of thiamine are numerous, but comparatively few 
foods supply it in concentrated amounts. The richest sources are pork, 
organ meats (liver, heart, and kidney), yeast, liver sausage, lean meats, 
eggs, green leafy vegetables, whole or enriched cereals, berries, nuts, and 
legumes. Thiamine is also found in smaller amounts in many other foods. 
The reader is referred to the Tables of Food Composition in the Appendix 
for specific data on the thiamine content of foods. 

The milling of cereals removes those portions of the grain which are 
richest in thiamine (the sperm, the aleurone layer, and the bran). As 
a result, white flour and polished white rice may be practically devoid 
of thiamine. This explains the prevalence of thiamine deficiency in popu- 
lations where white polished rice constitutes the backbone of the diet. 
The situation is not as serious in the Western countries whose food intake 
is less dependent on white flour alone. Nevertheless, among population 
groups who depend to a large degree on refined cereal products, the 
thiamine requirement is rarely met unless good sources of this vitamin are 
included in the diet. Large-scale enrichment of flour and cereal products 
in general with thiamine has proved very beneficial in eliminating the 
risk of thiamine deprivation in countries which practice such fortification. 
The use of thiamine-enriched rice in certain regions in the Philippines 
has demonstrated the possibility of virtually eliminating beriberi in these 
areas. 

Losses of thiamine during cooking occur through extraction of the 
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water soluble vitamin by the cooking water and through oxidation, espe- 
cially in an alkaline pH. Such potential losses are held down to some 
extent by the nature of many thiamine-containing foods, which are con- 
sumed without excessive cooking (enriched bread, breakfast cereals). 
Parboiling of rice facilitates retention of some of the thiamine and is a 
desirable method of preparation of rice which aids in the prevention of 
beriberi. 

In discussing the sources of thiamine, the synthesis of this vitamin by 
the bacterial flora of the human intestinal tract and its absorption must 
not be overlooked. It has been estimated that in Japan about one-quarter 
of the daily thiamine requirement is met by this source. Conversely, in 
rare cases the intestinal microflora may be responsible for thiamine depri- 
vation (see Chap. 2 under The Intestinal Flora). 


Requirements 


The thiamine requirement is largely proportional to the caloric con- 
tent of the diet and is influenced by the amount of carbohydrate metabo- 
lized. This is consistent with the fact that in areas in which beriberi is 
endemic the food pattern is high in carbohydrates (up to 80 per cent of 
the food calories may be derived from carbohydrates) and low in fats 
and thiamine. The minimum adult requirement, in the case of diets 
typical of the United States, is reported as 0.23 milligram per 1000 calories. 
The total individual requirement is augmented in conditions which are 
characterized by increased metabolism such as fever, exercise, hyper- 
thyroidism, and in pregnancy and lactation. In the latter instance, in- 
creased caloric intake normally results in a parallel rise in the vitamin 
requirement. 

The Food and Nutrition Board recommends a thiamine intake for 
adults of 0.5 milligram for each 1000 calories for adults on ordinary levels 
of caloric intake. The minimum recommended daily intake is 1 milligram, 
even if the caloric intake falls below 2000 calories. It is generally assumed 
that the recommendations made for adults (in terms of thiamine per 
caloric intake) are equally suitable in childhood, adolescence, pregnancy, 
and old age. The reader is referred to Table 22 for specific values. 


Riboflavin 
Chemistry 


Riboflavin is a yellow, crystalline isoalloxazine compound which shows 
a characteristic yellow-green fluorescence when dissolved in water. It is 
relatively stable to heat, sensitive to light and ultraviolet radiation. 
Sanat has a molecular weight of 376; its empirical formula is C,;H2» 
Ae pe 


THE VITAMINS—WATER SOLUBLE 87 


CH,OH 
(H—C—OH) 
| 
CH 
H Tih 
Ze~ ANY aN 
| | | 


p-Riboflavin 


Metabolic Role and Physiology 


In combination with specific proteins, riboflavin, in the form of ribo- 
flavin mononucleotide (riboflavin 5-phosphate) and the more complex 
flavin adenine dinucleotides, serves as a catalyst of importance in cellular 
oxidations. Mammalian tissues contain a number of different flavoprotein 
enzyme systems, each made up of a riboflavin-containing prosthetic group 
(coenzyme) and a substrate-specific protein (apoenzyme ). Some of these 
have been identified, to wit, Warburg’s old yellow enzyme, cytochrome 
C reductase, p- and L-amino acid oxidases, succinic dehydrogenases, dia- 
phorases, and xanthine and aldehyde oxidase. 

Deficiency of riboflavin may result in fissures at the angles of the 
mouth and local inflammation, desquamation, and encrustation (angular 
stomatitis ). However, this lesion is not necessarily specific for ariboflavino- 
sis. Another set of deficiency symptoms concerns the eyes; the cornea be- 
comes abnormally vascularized by a proliferation of capillaries, and a 
“sandy” feeling, visual fatigue, and photophobia may also be present. 
Glossitis and seborrheic dermatitis about the nose and scrotum have also 
been reported. Well-controlled experiments with human volunteers hardly 
ever display an acute uniform syndrome involving all these deficiency 
symptoms. In view of the important metabolic role of riboflavin, the 
paucity of a more serious symptomatology is somewhat surprising. This 
may perhaps be explained by the fact that synthesis by the intestinal 
bacterial flora may supply man with small amounts of riboflavin, thus 
preventing an acute clinical deficiency picture. 


Sources 


Common foods which supply significant amounts of riboflavin are 
organ meats (liver, heart, kidney, etc.), liver sausage, milk, cheese, meat, 
eggs, green leafy vegetables, whole grains and legumes. It is also found 
in smaller quantities in many other foods. Specific values are given in 
the Tables of Food Composition in the Appendix. Fortunately, the rela- 
tive heat stability of riboflavin (provided light is excluded ), coupled 
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with its slight solubility in the cooking water, serve to minimize excessive 
losses of the vitamin during ordinary cooking. 


Requirements 


Little is known concerning riboflavin requirements in childhood, adoles- 
cence, and pregnancy as contrasted with adult needs. The F ood and Nu- 
trition Board has correlated its recommended riboflavin allowance with 
the recommended protein intake of the individual (grams protein x 0.025 
= recommended riboflavin intake in milligrams ). The recommended daily 
allowance varies from 0.5 milligram for infants to 2.5 milligram for 
lactating women (Table 22). The Canadian Council on Nutrition has 
tied its recommended riboflavin intake to the caloric intake of the indi- 
vidual. The Canadian riboflavin standards vary from 0.5 milligram in the 
case of infants to 2.4 milligram for men doing very heavy physical labor 
(Table 24). Both sets of standards call for a basically similar riboflavin 
intake. 


Niacin 
Chemistry 


Niacin (nicotinic acid) is a white crystalline compound, soluble in 
hot water and fairly stable to heat, light acids, and alkalies. Niacin and 
its much more water soluble amide, niacinamide (nicotinic acid amide ), 
have a similar biologic function. Plant tissues contain the vitamin in the 
form of the acid, whereas animal tissues contain it in the physiologically 
active form of the amide. In the human, ingested niacin is easily con- 
verted to niacinamide. 
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Niacin is a mild vasodilator. Side effects accompanying vigorous niacin 
therapy may include flushing of the face, an increase in skin temperature, 
and momentary hypotension with dizziness. For this reason the amide, 
which does not induce those side reactions, is used in pharmaceutical 
preparations. It has recently been shown that very large doses of niacin 
(nicotinic acid, not the amide) will lower high blood cholesterol levels 
in man. This appears to be a pharmacologic effect. 
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Metabolic Role and Physiology 


Niacinamide is a component of coenzyme I (diphosphopyridine nucleo- 
tide, DPN) and of coenzyme I (triphosphopyridine nucleotide, TPN ) 


Niacinamide Adenine 
p-Ribose p-Ribose 
Phosphoric acid——————Phosphorie acid 


COENZYME I 


Coenzymes I and II are the functional groups in important intracellular 
oxidation-reduction enzyme systems which are necessary for the utiliza- 
tion of all major nutrients. DPN, coupled with specific apoenzymes, is the 
dehydrogenase responsible for the conversion of lactic to pyruvic acid, 
alcohol to acetaldehyde, £-hydroxybutyric acid to acetaldehyde, and other 
reactions. TPN, coupled with specific apoenzymes, is the dehydrogenase 
of hexose phosphate, citric acid, and many other substrates. 

Deficiency in niacin (or niacinamide) expresses itself clinically in the 
form of pellagra. The exact mechanism is not clear by which the specific 
biologic lesion, or metabolic impairment, causes the organic symptoma- 
tology of this disease. Pellagra may be briefly characterized by its major 
symptoms of dermatitis, diarrhea, and stomatitis, and mental changes. 
The tongue is smooth, red, and painful, and there is a burning sensation 
in the mouth. The recovery from the symptoms of niacin deprivation is 
quite spectacular once adequate amounts of the vitamin are administered. 

In mammalian tissues, niacin can be synthesized from the amino acid 
tryptophan. The degradation of tryptophan to niacin does not take place 
in the absence of pyridoxine (vitamin Bs). Roughly 60 milligrams of 
the precursor tryptophan is required to furnish 1 milligram of niacin by 
this route. Adequate amounts of tryptophan are as curative in human 
pellagra as the administration of niacin, the absence of which is directly 
responsible for this deficiency disease. Pellagra is endemic in population 
groups that rely on corn as their principal food because corn is a poor 
source of niacin and because it also lacks adequate amounts of the amino 
acid tryptophan which could be used as a precursor for niacin. The clini- 
cal picture of niacin deficiency is discussed in Chap. 22, Malnutrition and 
Deficiency Diseases. 


Sources 

The following foods are good sources of niacin: liver, meats, fish, whole- 
grain and enriched breads and cereals, dried peas and beans, nuts, and 
peanut butter. The convertibility of tryptophan to niacin in the mammal 
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has a direct bearing on the interpretation of the pellagra preventative 
potential of foods. One can no longer think of the niacin content of a 
food without considering its tryptophan content as well.. Thus, though milk 
is a relatively poor source of niacin, it is pellagra preventative because 
of its more than adequate tryptophan content. Information regarding the 
niacin content (as such) of foods is found in the Tables of Food Com- 
position in the Appendix. 

In discussing sources of niacin, one must not overlook evidence that 
this vitamin may be produced by the bacterial flora in the human in- 
testine. At present little is known about the extent of this “endogenous” 


synthesis. 


Requirements 


The human requirement for niacin cannot be simply defined since it 
is related to the intake of tryptophan-containing food proteins (provided 
there exists no deficiency in vitamin B,, which is essential for the 
tryptophan-niacin conversion). The current recommendations of the 
Food and Nutrition Board (1958) are expressed as niacin equivalents, 
including dietary sources of the preformed vitamin and the precursor 
tryptophan. It is assumed that 60 milligrams of tryptophan may be con- 
verted to 1 milligram of niacin. The recommended daily allowance for 
niacin varies from 6 to 7 milligrams for infants to 25 milligrams for boys 
in their late teens (Table 22). The Canadian Standards are based on a 
1:10 ratio between the allowance for thiamine and niacin (Table 24). 
Either standard provides for a liberal margin of safety. 


Pyridoxine 
Chemistry 


Pyridoxine, or vitamin B,, is a water soluble, white, crystalline com- 
pound, fairly stable to heat, and sensitive to ultraviolet light and oxida- 
tion. There exist three related compounds with interchangeable potential 
vitamin B, activity: (1) pyridoxine (CsH,,0O3;N, molecular weight 169), 
(2) pyridoxamine (CsgH,202Noe, molecular weight 168), and (3) pyridoxal 
(CsH ,O3N, molecular weight 167). All three compounds occur in natural 
materials and are interconverted during normal metabolic processes. The 
biologically active form is pyridoxal. 
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Pyridoxine Pyridoxal Pyridoxamine 
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Metabolic Role and Physiology 


Pyridoxal 5-phosphate functions as the coenzyme for a number of en- 
zyme systems essential for normal amino acid metabolism: decarboxylase, 
transaminase, desulfurase, and many others. The number and variety of 
reactions involved are so great that pyridoxal can be considered as essen- 
tial for practically all enzymatic reactions involving the nonoxidative deg- 
radation and interconversion of amino acids. This includes the degra- 
dation of tryptophan to niacin (see section on niacin), racemation (for 
instance, conversion of p- to L-glutamic acid), dehydration (serine > H2O 
+ pyruvate + NH;), and desulfhydration (cystein > H2S + pyruvate + 
NHs3). Studies on the effect of pyridoxine on fat metabolism indicate a 
functional relation between vitamin B, and unsaturated fatty acids. Ap- 
parently pyridoxine is specifically involved in the synthesis of the highly 
unsaturated fatty acids such as arachidonic and hexenoic acids, from 
linoleic and linolenic acids. 

Pyridoxine deficiency has been produced in humans by a deficient diet 
and by administration of desoxypyridoxine, a structural analogue and 
competitive antimetabolite (antagonist) of the vitamin. The most com- 
mon deficiency symptoms are a seborrheic dermatitis about the eyes, nose, 
mouth, behind the ears, and in intertrigenous areas. Cheilosis, glossitis, 
and stomatitis have been reported, presumably indistinguishable from the 
oral lesions of riboflavin and niacin deficiency. Some patients show signs 
of a sensory peripheral neuropathy, followed by motor impairment. The 
appearance of abnormally large amounts of xanthurenic acid in the urine 
after test doses of tryptophan have been given is a reliable test for 
pyridoxine deficiency. The administration of pyridoxin in doses as low 
as 5 milligrams per day results in prompt regression of all lesions. 

Pyridoxine deficiency has been shown to produce convulsive seizures 
in infants and has been implicated in a convulsive disorder with ab- 
normal electroencephalographic findings, exhibited by infants fed ex- 
clusively a proprietary formula in which faulty heat sterilization had par- 
tially destroyed the vitamin. A hereditary need for an abnormally high 
pyridoxine supply may also have played a role in some of these cases. 

Pyridoxine is now used prophylactically in tuberculosis patients sub- 
ject to long-term chemotherapy with isoniazid (isonicotinic acid hydra- 
zide). Prolonged administration of isoniazid produces a peripheral neuro- 
pathy in many cases which responds specifically to vitamin Bg supplemen- 
tation. 


+ 


Sources and Requirements 

Information on the pyridoxine content of foods is yet incomplete be- 
cause of difficulties in analysis. Good sources are liver, meats, whole-grain 
cereals, soybeans, peanuts, corn, and a number of vegetables. Table 12 


92 THE FOOD ELEMENTS 


details some of the available data. The daily requirement for human 
beings has been estimated to be 1 to 2 milligrams, an amount which is 
readily provided by the ordinary mixed diet found in Western countries. 
Though pyridoxine is considered an essential vitamin, no official standards 
have yet been set for the requirement in man. 


TABLE 12. PyrRmDOXINE IN SELECTED Foops 
(Micrograms per 100-Gm edible portion) 
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Biotin 
Chemistry 


The empirical formula of biotin is C19H,gO3N2S, and its molecular 


weight is 244. It is readily soluble 


in hot water, sparingly soluble in cold 
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water, stable to heat, and labile to oxidizing agents and strong acids and 
alkalies. 
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Biotin 


Biotin combines with avidin, a glycoprotein found in raw egg white, 
to form a stable complex which is not broken down by proteolytic diges- 
tion. When biotin is so combined it is nonabsorbable and nutritionally 
unavailable. 


Metabolic Role and Physiology 


Like other B vitamins, biotin is presumed to act as a coenzyme. It is 
thought to be involved in the carboxylation and decarboxylation of 
oxaloacetate, succinate, aspartate, and malate. Biotin has also been re- 
lated to the biosynthesis of aspartate and the oxidation of pyruvate, as 
well as to the biosynthesis of citrulline and unsaturated fatty acids. 

Experimental biotin deficiency in man (induced by a biotin deficient 
diet and the use of very large quantities of raw egg white) results in a 
scaly dermatitis, grayish pallor, extreme lassitude, anorexia, muscle pains, 
insomnia, some precordial distress, and a slight anemia. This deficiency 
picture responds promptly to administration of biotin. Spontaneous biotin 
deficiency in man seems unlikely, as balance studies indicate that this 
substance is synthesized by the human intestinal flora in sufficient quan- 
tities to render an exogenous source unnecessary. It is unlikely that a 
normal diet contains enough avidin from raw egg white to produce a 
biotin deficiency; however, individuals with perverted appetites may 
theoretically succeed, and in fact this has happened. There is no definitive 
human disease known with biotin deficiency as the underlying etiology. 


Sources 

Organ meats are excellent sources of biotin. Other good sources are 
peanuts, chocolate, egg yolk, cauliflower, and mushrooms. The bacterial 
intestinal flora apparently can furnish the major share of the human 
daily requirement for biotin. 
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Tanip 13. Drerary Sources or BIOTIN 
(Micrograms per 100-Gm edible portion) 


AAT ANAS Solos is on re oe eer tie 4 Milles. 45 cnc de ee ee oe meee ae ee 5 
Beans, dried Lima.............. 10 WMOlaSseS. occ ae pn es cea 9 
Bele se aoe hk = Sess ue ae 4 Mushroonis: +775 sae ee 16 
OureOle pub oniain deta se aos, Bee Onions; 192 soa ae eee ee 4 
CRuntOWEE: 0s. oki ree eee Oveterses 6.0 SiR «cis seen eee 
COREE BOS so See aids & eh Aon cae 2 : : Peas: Tresheni 7th ac ee ee 2 
SOIMeK Gh cs ac ine LAH itis me ee 5-10 Peay dried: ¢o<4 eee eke de ee 
CHOEGIAtE aces come Pender et ee ee Peanuts, toasted’. .Sc1.is4> mona ee 
ee J RE BO a eens arene a eae ener, kl | Pork, bacon f: oss eco Z 
Beve, whole freshy:. a5 6.4 cases 25 Pork; muscle. J. Acisace cx coer on 2-5 
BOSE TR ss nes ce he segs atte ana ah RE 16 Salivion-(05, sxe Weck ees ae eee 5 
CPR DOLPL, Go vate fei ep oe ee Spinach tac. shaqcaewe ak dns oe ee 
EVAN t te’. asinine Ge ORM lae 8 Siraw Derries.s wos cso ks os roo eae 4 
Epe@el MULE ec sce oo eee weet 14 TOmatoes p65 oslo oe 
GEV OTS LOGE Jae oc Maree Ween de kien 100 Wheat: whole... c.s\ca96.00 eeeoe 5 


Pantothenic Acid 


Chemistry 


Pantothenic acid is a water soluble compound formed by the union of 
pantoic acid and f-alanine. It has the empirical formula CyH,;O;N and 
a molecular weight of 219. It is stable in neutral solution, but sensitive 
to acid and alkali. Panthenol, the hydroxy analogue of pantothenic acid, 
is biologically active; it exists in the form of a viscous oil. The calcium 
salt of pantothenic acid—a white crystalline solid—is the most widely used 
form of the vitamin. 





H CHs OHO H H H 
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Pantothenic acid 


Metabolic Role and Physiology 


Pantothenic acid is a constituent of coenzyme A, an essential coenzyme 
involved in many reversible acetylation reactions in carbohydrate, fat, 
and amino acid metabolism. The complete enzyme system consists of a 
specific protein (apoenzyme) combined with the coenzyme moiety. Acetyl 
coenzyme A, the activated molecule, may act as an acetyl donor or acetyl 
acceptor. It facilitates condensation reactions like the formation of citrate 
from oxaloacetate in the Krebs cycle (Fig. 5). Acetyl coenzyme A acts as 
a receiver of acetyl radicals formed in the oxidation of fatty acids, py- 
ruvate, and citrate and transfers them elsewhere; it conjugates not only 
with acetyl but also acyl groups and is active in the synthesis of fatty 
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acids, cholesterol, and other steroids. Pantothenic acid, the key constituent 
of the coenzyme, is thus of obvious and fundamental importance in cellu- 
lar metabolism. 
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Pyrophosphate Adenosine 2' or 3' phosphate 
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Pantothenate B-Mercapto- Acetate 
ethylamine 


Acetyl Coenzyme A 


There is a close correlation between pantothenic acid tissue levels and 
adrenal cortex function, and the vitamin (as coenzyme A) is presumed to 
be involved in the function of this organ. Symptoms have been induced 
in man with the aid of a specific metabolic antagonist, »-methylpantothenic 
acid, and a pantothenic acid deficient diet. The resulting syndrome is 
characterized by torpor, apathy, depression, cardiovascular instability 
(especially in the erect position), abdominal pains, increased susceptibil- 
ity to infections, impaired adrenal function, and a neuromotor disorder 
with paresthesias and muscle weakness. 


Sources 


As the name (“derived from everywhere”) implies, pantothenic acid 
is very widespread in plant and animal tissues. Good sources are organ 
meats, egg yolk, peanuts, broccoli, cauliflower, cabbage, whole grains, 
and cereal brans. Meat, milk and fruits contain moderate quantities. 
_ Ordinary cooking does not seem to lead to excessive losses of this vitamin. 


Requirements 


The daily requirement for pantothenic acid is about 10 to 15 mg. This 
requirement is apparently easily satisfied, even by poor diets, since, 
although the substance plays an important role in human metabolism, a 
definitive clinical disease entity due to pantothenic acid deficiency is not 
known. 
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TABLE 14. PANTOTHENIC AcrID IN Foops 
(Micrograms per 100-Gm edible portion) 


Bananas. ¢ ess ae oh ee eee 300 Oysters 10 2. sesame 490 
Beans, dried Lima........- 830 Pescheés: tactsoee ede gam 140 
Beef,. bralit. 3. s02 cee exe 2,100—2,900 Peas; fresh. . cairns oe te 600-1,040 
Beef hearts... 4-605 esau 2,100—2,500 Peas, dried | ico eee 2,800 
Beef, kidney... ......-.++-- 3,400 PEATS > xncu ees pees ras 70 
Bee Sver nostes aia e ke a ee 5,700-—8, 200 Peanuts, roasted.........- 2,500 
Peel muscles e+ see <n 1,100 Pineapple: : 25. .s<.2+-s 46s 170 
Bread, whole wheat........ 570 Pork, bacot..- 2+. -<2555* 280-980 
Bread, whites... 10.0. es+ 400 Pork pha; oie ee eee 340-660 
BrOREOU arene aoe oe ee 1,400 Pork, kidney... ca. +e een 3,100 
CORUHOWE?. Gienee ke sid tee 0 920 Pork, liver.........------ 5,900-7,300 
CEBERO is cass tia 350-960 Pork, muscle............. 470-1,500 
Ghicken sci snr ees 530-900 Potatoes, Irish............ 400-650 
(Oe dog RE ha op ae ere 2,700 Potatoes, sweet.......---- 940 

UP eins ee eraee See ee ete 600 Sinan: cdots see a eg OOU naan 
amb WONG. 5 oe Pace oie 4,300 SOY DEBDS d.05 ta ape eae 1,800 
Nie WHOLE Ss cp.tnun aeons 290 Tomatoesitcc. oe cea 310 
ISN EGOMIS nics a aan esis ee 1,700 Veal Choe: se foot ace 110-260 
BL SUt Bee eae paneer ie Hen rte 1,300 Wheat, whole: ...2.. scene 1,300 
CHOU ie eas area oe We 140 Wheat, germ: eacwt.e: eees 2,000 
OSCANVED <2 eisdd cra osinloheee oa 340 Wheat? bransc:s< dics oe ea 2,400 


Folic Acid 


Chemistry 


Folic acid (pteroylglutamic acid, folacin) is a water soluble, yellow, 
crystalline compound, labile to heat in acid media, and labile to sunlight 
when in solution. Its empirical formula is Cj9Hi9N7Os; it has a molecular 
weight of 441. 
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Folic acid 


Both folic acid and a closely related, biologically active compound, 
folinic acid, occur in nature in the form of conjugates with glutamic acid. 
These conjugation products are split after ingestion, and free folic and 
folinic acids are liberated. Folic acid is converted to the biologically 
more active folinic acid by a process of reduction and addition of a 
formyl group. The presence of ascorbic acid (vitamin C) facilitates this 
reaction. Probably further changes take place which result ultimately in 
an active folinic acid (or related compound) coenzyme. . 
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Folinic acid 
Metabolic Role and Physiology 


The precise metabolic action of folic and folinic acids has not yet 
been established. Evidence has been offered for the existence of a folic or 
folinic acid coenzyme in a manner analogous to the known coenzymes 
which incorporate other water soluble vitamins. The folinic acid coenzyme 
is presumably an essential catalyst which functions in the transfer of 
single carbon units. Folic or folinic acid thus bears the same relationship 
to metabolic 1-carbon unit transfers that pantothenic acid bears to 2-car- 
bon unit metabolism. Folic acid has been shown to be involved in the 
transfer of the formyl group from formiminoglutamic acid to suitable ac- 
ceptors. In the form of the coenzyme (conjugated with a substrate- 
specific protein apoenzyme ), folic or folinic acid is essential for reactions 
like the methylation of homocystein to form methionine, the conversion 
of glycine to serine, the formation of creatine from guanido acetic acid, 
and the formation of thymine desoxyriboside, ribose nucleic acids, and 
of porphyrin compounds (hemoglobin). 

From a clinical standpoint, the most important activity of folic acid 
is the role it plays in the synthesis of the purine and pyrimidine com- 
pounds which are utilized for the formation of nucleoproteins. In the ab- 
sence of an adequate supply of nucleoproteins, normal maturation of 
primordial red blood cells does not take place and hematopoesis tends to 
bog down in the megaloblast stage. As a result of this megaloblastic arrest 
of normal red blood cell maturation in the bone marrow, a typical pe- 
ripheral blood picture results which is characterized by macrocytic anemia, 
thrombopenia, leukopenia, and old, multilobed neutrophils. 

In man, a dietary folic acid deficiency causes a macrocytic anemia 
which resembles pernicious anemia without the nervous system involve- 
ment. Glossitis, gastrointestinal lesions, diarrhea, and intestinal malabsorp- 
tion may accompany the macrocytic anemia. A similar syndrome may be 
produced by administration of a specific folic acid antagonist, aminopterin. 
These conditions respond to folic acid therapy. 

Folic acid is effective in the treatment of the sprue syndrome and in 
a number of macrocytic, megaloblastic anemias other than pernicious 
anemia (the megaloblastic anemias of infancy and pregnancy and nu- 
tritional macrocytic anemia). A detailed discussion of these disease enti- 
ties and folic acid is found in Chap. 33, Nutrition and the Anemias. 
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Sources 
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Appreciable quantities of folic acid are found in liver, dark green 
leafy vegetables, asparagus, Lima beans, kidney, nuts, whole-grain cereals, 
and lentils. Another source of folic acid may be the bacterial flora of the 


TasLe 15. Drerary Sources or Fourie Acip 
(Micrograms per 100-Gm edible portion) 


Meat, eggs 
Beef: 
Road steak or.5 vdseek ened 
GLb) Se er om aire ce: 


EWE GUO GH OS ere eer mieice eine 
Lamb: 
reais asaCeth pee toner yor dis ee teeaie auc 


PAM RMGK CT go axes ost.s ad ees 

MOUEGEO Fc tA waa ee nae 
Poultry: 

ren s CAI 2s stig ge eree ee 

Chicken, white. .<...0% i... 

Chicken, liver 


oe SUle «6 Wes eo wk em Cis e Wee 


Nuts 
PMR OGUE: ber, fae St PS ok Gt, 
PPAR TCLS ohn 1a ecto ad Pee 
RAMCOUU ES c3 os Stars. as eS 
ADE Got nado. te as 


an OL Bt a SOW 10 me we eae, CNL ere Shei 


Vegetables, fresh 
SP BIeg Ue oF cake Gin rs 
Benne, TAM yy a, oud uae cas 
Beans, Ling, drys... snes. 244 
DGGBS, BEN)... Gir Face oe 
Beans, navy, dry... 5s 25.020, 
Beans, wax 


CRP. We 8 Ee es. eee ee 6 4h. wielieus 


7-17 
15 
5 

3.1 
58 
290 

22.8 


Brussels sprouts.........-+.+- 
Cabbaresin scot ene eee 
Carrotaici ctu oe nee 
CauliflowetGk «otek toceccees we 


Com, sweatin usc ec eee cae dee 
CHICO DEIE a es eR eee 
Hepplantio te. c-w<es eee 
Greens: 

Beets is cere ae eee 


Parsley. kaa eb angene aa 
SPINaGh 5. cas. enon hee 
Bias chard ¢ 4oc1ec0an eee 
LPT Oe go wala go 2 a ene 
Watereress. ¢.. 535 wasn 


Gréen, with topa:c).enssees 

Mature. sco. seks ce ee eee 
PAranilpe,. chee 08 ee 
Peas y.2 Hehe ees Hee ee eee 
Peas, dry splitz: 2 o7.. 20 oe 
Peppers, grettl..canese se) ater 
Potatoes, peeled.............. 
Powto peel... n40 ee ween oe 
Potatoes, whole. ©. see cen 
Pumpkin... «sk. 0s eae eee 
Radtehédinic kaon oes eee en 
Rutabagaes socio an ocean 
poy beans, drys... vcs. «an eee 
Squash: 

GCrooknaols.< «cw ceeuas 

BUGGHIG A ee Oe 
Sweet potatoes... .. 
Tomatoes...... 
Turnips 


SO Roe } SADA BIOS es eee 
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TABLE 15. Direrary Sources or Fouic acip (Cont.) 
(Micrograms per 100-Gm edible portion) 


Fruit Cereals and other grain products 
NO ee ee 0.5 Breads: 
RNIN a's cic a Rees tats 55 3.6 Cracked wheat............. 27 
Apricots, dried... 06.6... sess 4.7 RV ns ee cae daria raters 20 
PRUOMMMMRS Sala oo swe Done #540: 4-57 BUTE YY Sow ons aw ke Ree oe 6 11 
RS ee oe 9.6 yy Merge oes sade eke ele 15 
Berries: Breakfast cereals: 
Blackberries................ 6-18 Copia ait or 2:55 es aes eles 5.5 
PION S00 rd a whale Soa 7.6 AMT ira sino ak Re eet 6.5 
als See a 1.7 Corn and soya.............. 80 
Red raspberries............. 5.1 Oats, ready to eat........... 22 
MRPRWRIGITION 4646 «cue sass 5.3 Rater Sie bo. ace close ew ead 30 
RMCRIOUCH ee cc cs cvs sam oe se ot 3-8 Wheat bang: aisscouiaee es 100 
Seeenrees, BING to fc. Pan 5 xcs os 6.5 Wheat faring) tendo dcnes 14 
RED les a Sins. owe te 25 Wheat, shredded....... 29-87 
LSE pees Ae ee 6.7 Flour: 
MN UIEVO Ge exe Se deiaassse. 714 TUKGRe ake ON es maa s eek 6.6 
SRO OURUN ey ste yds a atin Bid oA 2.7 TV GCe aa igi ss Gee oe 18 
| OE ag 4.5 White, enriched............. 8.1 
Oe i 4.9 Whale wheats kis. caceccoc ys 38 
Honeydew melon............. 4.9 Grains: 
Ee Oe a eee ee ee 7.4 Parl Oy cy iin te Fae 50 
OT he a ee 4.6 ChOeT VOULOW oc aa ayes Vaasa ee 24 
a eee 5.1 att White. usscdeeenekns sao Se 
CUOS 8 4.8 Hae, POW as + hes acts aks ee 22 
a ea 2:3 PEW cte cre < Mette Panes oe Sent 34 
Le nen Rok Keen 2.5 WRG Core ee ane cee ets a ies 27-51 
SL eee 0.8-6 
MR EAS ea kaa sheets vies 0.6-3 Milk and cheese 
BIB, VOUOW «ice caws ces yo»: 1.2 Milk: 
EE CL oa airik sy xen aa Dae 5.4 WORST Mes ae. es eae 11 
SN OR ety ae eee 2.5 Evaporated milk............ 0.7 
ee ee 7.4 Cheese: 
ON eee 0.6 Ueda nt S75. ana ee 15 
GOolGARAs -Reans canta apes ae 21-46 
PROGGSRRG 2. os 6.2%.4 28 Sa Ae 11 


Figures rounded off to two digits. 
Source: Based on Agricultural Handbook 29 (1951), U.S. Department of Agriculture, 
Bureau of Human Nutrition and Home Economics. 


human intestinal tract, which is known to synthesize the vitamin. How- 
ever, the amounts made available to the individual are quite unknown 
and may vary under different environmental and dietary conditions. 
Table 15 lists the folic acid content of a number of common foods. 
Cooking and storage losses of the vitamin may range up to 50 per cent. 


Requirements 


The daily requirement of folic acid in man has not yet been determined 
with accuracy. The lowest recorded effective therapeutic dose of this 


100 THE FOOD ELEMENTS 


vitamin, in case of megaloblastic anemia of infancy, was 200 micrograms 
per day. In anemias which respond to folic acid therapy, the recommended 
therapeutic oral or parenteral dose is 5 to 15 milligrams per day. It seems 
reasonable, therefore, to speculate that 0.5 to 1.0 milligrams daily will 
maintain good health under normal conditions. 


Vitamin By» 


Chemistry 

Vitamin Bz. (cyanocobalamin) is a water soluble, red, crystalline 
compound which is labile to acids, alkalies, and light. The molecular 
weight is approximately 1,450, corresponding to the composition Cy;Hx4 
Oi4Ni4PCo. It is unique in being the first cobalt-containing substance 
which has been found to be essential for life and is the only vitamin that 
contains an essential mineral element. 
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Metabolic Role and Physiology 


Tea, . ye . r 
. \ itamin Bye is thought to play a role in the transfer of single carbon 
intermediates, primarily methyl] groups. Examples of such transmethyla- 
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tions are the synthesis of choline from methionine and the formation of 
serine from glycine and of methionine from homocysteine. The vitamin also 
takes part in the formation of pyrimidine bases and in purine metabolism. 
Vitamin By» affects, directly or indirectly, the metabolism of folic acid and 
may be essential for the formation of the folinic acid coenzyme. By way 
of its participation in the metabolism of purines and pyrimidines, vitamin 
By» is involved in the synthesis of nucleic acids and nucleoproteins, and 
thereby in normal red blood cell formation (see section on the metabolic 
role of folic acid). It is certain that vitamin B,> plays an important role 
in the metabolism of nervous tissue, though the precise mechanism is 
not yet clear. 

Vitamin By». is very poorly absorbed from the gastrointestinal tract un- 
less a heat labile protein, the intrinsic factor, is present concurrently. It 
has been suggested that this factor, which is presumably secreted by the 
normal, healthy stomach mucosa, either liberates the vitamin from a firm 
protein-vitamin combination in which it occurs naturally in foods or 
facilitates the transfer of the vitamin across the mucosal membrane. In 
either case, intrinsic factor is normally essential for absorption of vitamin 
B,2 from the intestinal tract. When ingested in very large amounts (ex- 
ceeding 25 micrograms), vitamin By is partially absorbed even in the 
absence of intrinsic factor. 

The basic defect in patients with pernicious anemia is a degenerative 
change in the gastric mucosa which ceases to elaborate and secrete in- 
trinsic factor. As a result, vitamin By, from food sources is no longer ab- 
sorbed and the consequent tissue deficiency of vitamin By» leads to perni- 
cious anemia. The classical picture of Addisonian pernicious anemia is 
characterized by megaloblastic arrest of erythrocyte maturation in the 
bone marrow (see section on folic acid), macrocytic anemia, leukopenia, 
and progressive neurologic degeneration. The nervous system involve- 
ment ranges from a peripheral sensory deterioration and peripheral neu- 
ritis to damage to the motor pathways and to sclerosis of the posterior 
and lateral columns of the spinal cord (combined system disease). Un- 
treated, the disease is ultimately fatal. 

Pernicious anemia responds promptly to parenteral administration of 
vitamin B,2. However, the fundamental gastric defect remains, and the 
patient must henceforth receive a maintenance dose of the vitamin since 
it will not be absorbed from food sources in the absence of the missing 
intrinsic factor. In pernicious anemia, treatment with folic acid causes 
a prompt remission in the abnormal blood picture but does not benefit 
the nervous system disorder. Because of the hazard of continued neurolo- 
gic degeneration, folic acid therapy should not be attempted in this dis- 
ease. A more detailed discussion of pernicious anemia and vitamin Bi2 
therapy is found in Chap. 33, Nutrition and the Anemias. 
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Sources 

Vitamin B,. is found almost exclusively in foods of animal origin. 
The original source of the vitamin is probably bacterial fermentation in 
the intestinal tract of animals, particularly in the rumen of herbivora. Hu- 
mans apparently do not derive enough vitamin By2 from endogenous 
bacterial synthesis and are dependent on a supply of the preformed vita- 
min in the diet. Liver and kidney are excellent sources of vitamin By», 
muscle meat and fish supply it in moderate amounts, whole milk in lesser 
quantities, and most cereals are very poor sources. 


TABLE 16. VITAMIN By IN Foops 
(Micrograms per 100-Gm edible portion) 


eatin STOOU is ps sees see ee ees 0-0.2 Finddoek mi wrautes cc. a eee 0.6 
Beet Ridney. 4 09 4 ce ene es ae LD Haute. 2 n5eo es ieee 0.9-1.6 
BORG AIVOR Be end Gees eae eee 31-120 Mille. whole.e) obec ti eo 0.3-0.5 
PCr TOUNE Lo. bos x ea eee 3.4-4.5 Milk, evaporated.............. 0.1-0.3 
POE Oe cen ida pipoa Mee 0-0.1 Milk, powder, whole........... 1-2.6 
reselwiite. 4 vias ¢ ae cer ere 0-0.3 Milk, powder, skim............ 2.5-4.0 
Bread, whole wheat........... 0.2-0.4 OATES Ava kvaniy ecaritd es pee ene 0.3 
CBTTS: ob oea e ene ide ee 0-0.1 Pose? (2555 Ces Seek Cee 0-0.1 
Carne Fellow vb v0 2). oan a v5 bem 0.0 Seallopa.c.cdiied eve ac eats 0.7 
Cheese, American...........«. 0.6 Sole, freahishlet.c.<4..06 ee se eee 1.3 
BOSE, CRONE Fe uccit antosie sows 0.2 Soybean oneal... « sa0e- ae oe 
CHEEHOS WIRE ics U4 we crn n Sok, 0.9 Wheat. = acd eoranees ieee eee 0.1 
Hae a WOOL .4 5 2 vars pie iekse se eas 0.3 

Requirements 


The human daily requirement of vitamin B,2 has not yet been estab- 
lished with certainty. A dosage corresponding to 1 microgram of the 
crystalline vitamin per day suffices for maintenance of a patient with 
pernicious anemia. This indicates that absorption of 1 microgram per day 
may meet the normal requirement for adults. 


Ascorbic Acid 
(Vitamin C) 


Chemistry 


Ascorbic acid is a water soluble, crystalline compound, fairly stable 
in acid solution but sensitive to oxidation. Its empirical formula is CgHsOx¢, 
and it has a molecular weight of 176. The L-isomer of ascorbic acid is the 
physiologically active form. Vitamin C is readily oxidized to dehydro- 
ascorbic acid, which is still physiologically active though less stable. This 
oxidation reaction is reversible. 
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Ho-¢ 9 ~2H Oo=C 
3 errr amar 
HO-¢—H HO—C—H 
bH.OH CH.20H 
Ascorbic acid Dehydroascorbic acid 


Further oxidation beyond the dehydroascorbic acid stage results in 
irreversible and total loss of antiscorbutic activity. Iron and copper salts, 
an alkaline pH, heat, oxidative enzymes, and exposure to air and light 
facilitate this oxidation and cause loss of vitamin potency in ascorbic acid- 
containing foods. 


Metabolic Role and Physiology 


Ascorbic acid plays an important role in the metabolism of amino 
acids, particularly in the final oxidation of phenylalanine and tyrosine; it 
may function as a coenzyme in these reactions. Ascorbic acid facilitates the 
conversion of folic acid to folinic acid and is essential for many hydroxyla- 
tion reactions. It is postulated that the vitamin acts as a carrier in one or 
more intracellular hydrogen transfer systems and thus regulates oxidation- 
reduction potentials within the cells (evidence for this has not yet been 
obtained). Ascorbic acid in large amounts enhances the absorption of 
iron from the intestine in normal as well as iron deficient human beings. 
This effect is probably the result of the reducing properties of ascorbic 
acid. 

Ascorbic acid is necessary for the formation of the intercellular sub- 
stance of collagenous and fibrous tissue in the animal organism. It is 
essential for the normal elaboration of intercellular matrices (collagen 
and mucoproteins) in teeth, bone, cartilage, connective tissue, and skin, 
as well as for the structural integrity of capillary walls. Thus it plays an 
important role in tooth and bone formation (through its influence on 
elaboration of normal osteoid and chondroid), in the laying down of 
callus in the union of bone fractures, and in the healing of wounds and 
burns, where the first step in the repair mechanism is the laying down 
of a collagenous intercellular matrix which makes for physical union of 
the traumatized parts. 


Absorption and Storage 


Ascorbic acid is absorbed directly from the small intestine by simple 
diffusion at a rate which depends on the amount ingested (i., the 
concentration gradient). Through tissue saturation, the human adult 
stores sufficient amounts of vitamin C to carry him through several 
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months of deprivation. High concentrations of the vitamin are found in 
the adrenals, the pituitary gland, the thymus, and the corpus luteum, while 
lesser quantities are found in the viscera, brain, and all metabolically 


’ 


active tissues. 


Deficiency 


Most animal species can synthesize their own supply of ascorbic acid. 
Man, monkeys, and guinea pigs are exceptions; they must obtain vitamin 
C from exogenous sources. Scurvy is the classical manifestation of severe 
ascorbic acid deficiency. The most obvious lesions observed are those 
related to a weakening of the collagenous intercellular substance. The 
clinical picture is characterized by weakness; swollen, tender joints; 
delayed wound healing; spongy, friable gums; loose teeth; and hemor- 
rhages, which may appear anywhere in the body, particularly near bones 
and joints and under the skin and mucous membranes. In the United 
States, infantile scurvy is the form most frequently seen. The disease 
responds rapidly and dramatically to the administration of as little as 50 
milligrams of ascorbic acid daily. The usual therapeutic dose is actually 
considerably higher. 

A detailed discussion of scurvy is found in Chap. 22, Malnutrition and 
Deficiency Diseases. 


Sources and Stability 


The common foods which are richest in vitamin C are citrus fruits and 
their juices, strawberries, cantaloupes, raw or minimally cooked vege- 
tables, especially peppers, broccoli, cauliflower, kale, Brussels sprouts, 
turnip greens, cabbage, tomatoes, and potatoes. The latter two vegetables 
are especially important suppliers of ascorbic acid because of the quan- 
tities consumed by population groups which do not consume much citrus 
fruits. The reader is referred to the Tables of Food Composition in the 
Appendix for specific data on the ascorbic acid content of foods. 

The vitamin C content of fruits and vegetables varies with the con- 
ditions under which they are grown, stored, and cooked. For instance, the 
amount of sunlight available during ripening determines to a large extent 
the final ascorbic acid content of tomatoes. Storage and processing meth- 
ods tend to reduce the amount of vitamin C contributed by foods, since 
vitamin C is very sensitive to oxidation and, being freely water soluble, 
subject to mechanical loss by leaching. Freezing per se and storage in 
the frozen state are accompanied by little loss, but blanching, washing, 
and prolonged standing at room temperature make for considerable re- 
duction in vitamin C content. The cutting up, washing, and cooking of 
vegetables may lead to a 50 per cent loss, but losses of such magnitude 
are not necessary. Holding cooked foods in steam tables—a favorite pro- 
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cedure in institutions and restaurants—encourages rapid destruction of 
the vitamin. Modern methods of canning tend to preserve ascorbic acid 
in foods since processing conditions are planned to eliminate conditions 
which facilitate loss of this vitamin; however, the possibility of losses 
during preparation for the table still remains. 


Requirements 


There exist marked differences in the recommendations for a desirable 
intake of ascorbic acid. The British Medical Research Council has set 
the allowance for infants and adults alike at 30 milligrams per day. The 
Canadian Standards call for the same amount. The Food and Nutrition 
Board of the National Research Council recommends a daily allowance 
which varies from 30 milligrams for infants to 75 milligrams for adults 
and which allocates larger amounts for adolescents and pregnant and 
lactating women (Table 22). 

The minimum amount required to prevent scurvy in otherwise well- 
nourished adults is in the range of 10 milligrams or more per day. An 
intake of 50 to 100 milligrams per day does not saturate the tissues but 
causes tissue retention and some excretion in the urine and is consistent 
with the current recommendations of the Food and Nutrition Board. 


CHAPTER |2 


MINERALS 


All forms of living matter require many inorganic elements for their 
normal life processes. Virtually all the elements of the periodic table have 
been found in living cells, though not all are necessarily essential to life. 
The nutrients which are commonly referred to as mineral elements, or 
inorganic nutrients, and which have definite demonstrable functions in 
the human body and metabolism are calcium, phosphorus, magnesium, 
sodium, potassium, sulfur, chlorine, iron, copper, cobalt, iodine, manga- 
nese, zinc, and perhaps fluorine (in addition, molybdenum and selenium 
are essential, at least for experimental animals ). Aluminum, arsenic, nickel, 
and silicon might be mentioned as elements which occur very consistently 
in the human body, though for them there exists no proof of human need. 
The mineral, or inorganic, nutrients are interrelated and balanced against 
each other in human physiology; they cannot be considered as single 
elements with circumscribed functions, just as proteins, carbohydrates, 
fats, and vitamins do not play independent and self-sufficient roles in the 
general body symphony. For example, calcium and phosphorus are in 
a definite relationship in the formation of bones and teeth. Iron, copper, 
and cobalt (in vitamin B;2) are interrelated in hemoglobin synthesis and 
red blood cell formation. Sodium, potassium, calcium, phosphorus, and 
chlorine serve individual and collective purposes in the body fluids. Cal- 
cium and magnesium are necessary for normal soft tissue and nerve cell 
function. Iodine is an essential constituent of the thyroid hormone, while 
zinc, molybdenum, and manganese serve as essential activators of a 
number of enzyme-catalyzed metabolic reactions. 

About 13 different minerals are known to be needed by the body, and 
all must be derived from the diet. The three elements whose supply is 
most likely to be critical are calcium, iron, and iodine. 


Calcium 


Function 


Calcium and phosphorus serve as the main structural skeletal elements. 
Ninety-nine per cent of body calcium is present in bones and teeth and 
only one per cent in the soft tissues and body fluids. Calcium is present in 
bone as a multiple apatite salt composed of calcium phosphate and 
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calcium carbonate arranged in a definite proportion and crystal lattice. 
Bone may be regarded as more than a structural framework; it also serves 
as the calcium reservoir of the body. The skeletal calcium is in dynamic 
equilibrium with the constituents of the body fluids and other tissues, 
and the rate of exchange is greater than the rate of original deposition of 
new bone. The most readily mobilized calcium is found in the trabecular 
portion of bones; it comes into play when the calcium requirement of 
the individual increases, as during pregnancy and lactation. The dentine 
and enamel of teeth are metabolically more stable and do not yield cal- 
cium with similar ease. 

Normal blood contains from 9 to 11 milligrams of calcium per 100 
milliliters, practically all in the serum and none in the erythrocytes. About 
60 per cent of this calcium is present in the soluble, ionized form; the 
rest occurs in a protein-bound form. The blood calcium serves several 
major functions. It is essential for the normal clotting of blood. Its pres- 
ence is also required for normal functioning of nerve tissue. A reduced 
blood calcium level increases the irritability of nervous tissue; very low 
calcium levels may cause a characteristic tetany with convulsions. Con- 
centrations of calcium above the normal range depress nerve irritability. 
An optimal calcium range is also essential for a normal pulse and cardiac 
contraction. The relative concentrations of potassium, magnesium, and 
sodium are also involved in the effect of calcium on nerve and muscle 
irritability. Magnesium deficiency may lead to extensive deposition of 
calcium in soft tissues and distortion of bone structure. 


Absorption and Utilization 


Dietary calcium is absorbed in the small intestine. The amount absorbed 
is influenced by a number of factors. It is practically a biologic law that 
the body utilizes and conserves material more efficiently when in need. 
This axiom also holds with respect to calcium. The greater the need and 
the smaller the dietary supply, the more efficient the absorption. Under 
normal conditions, calcium absorption increases somewhat, though not 
proportionately, with an increased level of intake. The absorption of 
calcium is facilitated in the presence of vitamin D; it is also favored by 
a low intestinal pH which keeps the calcium in solution. Normal gastric 
hydrochloric acid secretion is thus necessary to facilitate efficient ab- 
sorption. 

Oxalic acid has an adverse effect on calcium utilization since it forms 
insoluble calcium oxalate which passes through the intestine without 
being absorbed. This effect is limited because it depends completely on 
the quantity of oxalic acid which is ingested with foods; ordinarily the 
amounts of dietary calcium are such that losses through calcium oxalate 
formation are not of a serious nature. However, because of their oxalic 
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acid content, large quantities of specific foods like rhubarb and spinach 
may interfere with efficient calcium absorption. 

Phytic acid, a hexaphosphoric acid ester of inositol which is found in 
cereal seeds, may form insoluble calcium salts with free calcium in the 
intestinal contents, thus making some calcium unavailable for absorption. 
Phytic acid is found mainly in the bran portion of cereals, and a heavy 
intake of bran or whole cereals can adversely affect calcium absorption. 
In this case, as in that of oxalic acid in foods, the possible harmful effect 
depends primarily on the quantity of oxalate or phytate involved, and 
a sufficiently liberal calcium intake suffices to compensate for it. An excess 
(or poor digestion) of fat in the intestine may reduce calcium absorption 
through the formation of insoluble calcium soaps; on the other hand, small 
amounts of fat appear to improve calcium absorption. 

Calcium absorbed from the food is readily transferred through the 
body by the circulation. It is withdrawn from the blood by the bones 
and teeth during periods of growth, and some calcium is incorporated into 
bone at all ages. The calcium blood level is regulated by the parathyroid 
hormone. Calcium may be withdrawn from the bones to maintain normal 
blood levels during periods of dietary calcium deprivation. 


Excretion 


Normally, the kidney excretes any excess of blood calcium over 7 milli- 
grams per 100 milliliters. The parathyroid hormone appears to regulate 
urinary calcium excretion through control of the individual renal thresh- 
old. 

The urine is not the only route by which calcium is excreted; con- 
siderable amounts of calcium may be found in the feces. Some fecal 
calcium consists of the unabsorbed dietary mineral; however, a large 
proportion represents calcium which has been lost from the body, A 
regulated excretion is probably not involved. It appears that calcium is 
secreted into the intestinal lumen with the digestive juices and becomes 
intimately mixed with the dietary calcium and other intestinal contents, 
and, being subject to the factors governing intestinal calcium absorption, 
it may not be reabsorbed quantitatively. 


Deficiency 


The principal cause of rickets in children is the lack of vitamin D. 
However, insufficient intakes of calcium and phosphorus as well as a 
marked imbalance in calcium-phosphorus intake may also result in this 
disease. In the adult, calcium ‘deficiency may result in osteomalacia, a 
generalized rarefication and demineralization of bone. This condition is 
usually due to a deficiency of both vitamin D and calcium and is quite 
rare in the United States, where the stigmata of dietary calcium lack in 
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adults are not frequently observed. (See Chap. 22 for a discussion of 
rickets in children and osteomalacia in adults.) Osteomalacia is frequently 
confused with a rather common disease in older people, osteoporosis, a 
metabolic disorder which results in decalcification of bone with a high 
incidence of pathologic fractures upon light traumatic provocation. Osteo- 
porosis is commonly considered to be the result of faulty metabolism of 
the proteinaceous bone matrix, secondary to the drop in anabolic hor- 
mone levels in old age. Disuse-demineralization may be a contributing 
factor. (A well balanced diet supplying generous quantities of protein 
and calcium is considered of value as a nonspecific, supportive measure. ) 


Requirements 


Measurements of the calcium requirement in infants vary widely be- 
cause of the available methods used and differences in prenatal endow- 
ment. Estimates vary considerably, depending on whether the chosen cri- 
terion for calcium intake is breast milk or cow’s milk. The Food and 
Nutrition Board of the National Research Council has set its Recom- 
mended Allowances in childhood at 1 to 1.2 grams, and in the teens, at 
1.3 and 1.4 grams (Table 22). The Canadian Standards are of a similar 
order of magnitude (Table 24). There is no doubt that the need for high 
intakes of milk or other calcium sources is great during the active period 
of bone growth and skeletal enrichment with calcium in childhood and 
especially during the pubertal growth spurt. 

In contrast to the situation in children and adolescents where a high 
calcium intake and retention is clearly desirable, the adult has no ap- 
parent need for more calcium than that required to maintain body stores. 
The Food and Nutrition Board recommends a daily intake of 800 milli- 
grams, a figure which is considered too generous by some workers. 

The calcium requirement is obviously increased in pregnancy to satisfy 
the demand created by growth and development of the fetal skeletal 
system. Good prenatal calcium nutrition and accumulation of calcium re- 
serves are essential to optimal fetal development. The requirement of the 
pregnant woman consists of her own as well as that of the growing fetus, 
and the recommended allowance has been set at 1.5 grams in the United 
States and 1.4 to 1.75 grams, depending on body weight, in Canada. A 
very low maternal intake may result in calcium withdrawal from the 
maternal skeleton to supply the fetus. The recommended calcium allow- 
ances for pregnant women prevent such withdrawal in most instances. 

The calcium content of human milk varies with the maternal calcium 
intake and may range from 100 to 300 milligrams per day. There is no 
doubt that a lactating woman should have a markedly increased calcium 
supply to meet her own needs as well as the calcium requirement for 
milk production. The Food and Nutrition Board recommends a daily 
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intake of 2 grams, while the Canadian Standards suggest 1.4 to 1.8 grams, 
depending on the mother’s body weight. 


Sources 


The following are good sources of calcium: milk and most dairy 
products, shellfish, egg yolk, canned sardines and salmon (with bones), 
soybeans, and green vegetables like turnip greens, mustard greens, broc- 
coli, and kale. In the United States and much of Europe, the principal 
source of calcium is milk and cheese. 

The reader is referred to the Tables of Food Composition in the Ap- 
pendix for information regarding the calcium content of different foods. 


Phosphorus 


Function 


Phosphorus has more functions than any other mineral element in the 
body. A complex calcium phosphate lends rigidity to bones and teeth, 
and about 80 per cent of the body’s phosphorus is found in the skeletal 
tissues. The other 20 per cent is located in the body fluids and in every 
cell of the body and is vitally concerned with their metabolism and 
function. A complete discussion of phosphorus metabolism would require 
coverage of practically all metabolic processes in the body. Phosphorus 
plays an important part in muscle energy metabolism, carbohydrate, pro- 
tein, and fat metabolism, nervous tissue metabolism, normal blood chem- 
istry, skeletal growth and tooth development, and the transport of fatty 
acids. Phosphate is a component of many enzyme systems and is involved 
in the storage and transfer of energy in phosphorylated compounds such 
as adenosine di- and triphosphate. 

Blood contains from 35 to 45 milligrams of phosphorus per 100 milli- 
liters. Of this amount, 8 to 5 milligrams is in the form of inorganic 
phosphate, the portion which is most readily available for chemical 
reactions. Normally there is an inverse relationship between the serum 
calcium and the serum inorganic phosphate. 


Absorption and Excretion 


Ordinarily about 70 per cent of the phosphorus ingested in foods is 
absorbed. It is assumed that intestinal phosphatases liberate simple 
phosphorus compounds from the ingesta before absorption takes place. 
As with calcium, absorption is favored by an acid medium. Excesses of 
iron, aluminum, and magnesium interfere with phosphorus absorption 
through the formation of insoluble phosphates. (This is not an important 
factor in ordinary diets.) For optimum absorption of both calcium and 
phosphorus, both nutrients should be supplied by the food in roughly 
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equal amounts. An abnormal calcium /phosphorus ratio in food interferes 
with the absorption of both elements and may result in calcium de- 
ficiency. As with calcium, the absorption of phosphorus is considerably 
increased when vitamin D is available to the individual (Chap. 10); this 
may be due to a secondary effect. 

Phosphorus in the feces represents both the unabsorbed mineral and 
phosphorus secreted into the intestinal tract. Urinary phosphorus is 
principally inorganic phosphate; the amount fluctuates with the quantity 
absorbed from foods but is also dependent on other factors. Catabolism of 
body tissues during starvation releases much phosphorus into the urine. 
In individuals with a constant phosphorus intake, intense carbohydrate 
metabolism, which requires phosphorus, tends to decrease urinary phos- 
phorus temporarily. 


Requirements 


Phosphorus is not often a subject of concern for the nutritionist, since 
the diet of man is generally adequate in this element and phosphorus 
deficiency has not been found in human beings. Little precise information 
is known concerning phosphorus requirements except for a generaliza- 
tion, based on experience, that the phosphorus intake should approxi- 
mately equal that of calcium (provided the calcium intake is adequate). 
The Food and Nutrition Board recommends an intake equal to that 
of calcium for infants and pregnant and lactating women; in the case 
of other adults, the allowance should be approximately 1.5 times that of 
calcium. The common foods which meet the calcium and protein needs 
of the individual invariably supply the phosphorus requirement simul- 
taneously. 


Sources 


Protein-rich foods of animal origin, such as meat, fish, poultry, and 
eggs, are excellent sources of phosphorus. Milk and cheese are good 
sources, as well as nuts and legumes. The availability of the phosphorus 
of cereal grains, especially of the bran portion, is somewhat doubtful 
since much of this phosphorus is present as phytic acid which is not 
utilized well. Information regarding the phosphorus content of the com- 
mon foods is found in the Tables of Food Composition in the Appendix. 


Iron 


Function 

Iron is a component of the hemoglobin and myoglobin molecules and 
of the cytochromes and other enzyme systems, and as such it plays an 
essential role in oxygen transport and cellular respiration. Hemoglobin, 
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a heme-protein component of the red blood cells, combines reversibly 
with oxygen in the lungs and normally releases it in the tissues wherever 
a need for oxygen exists. (Hemoglobin also serves as a return vehicle for 
some of the carbon dioxide elaborated in active tissues, releasing it in 
the lungs.) In the muscles, some of this oxygen is taken up by another 
iron-porphyrin protein, myoglobin, which serves as a temporary oxygen 
acceptor and reservoir. Iron is also found in the intracellular cytochrome 
enzyme system which functions in energy production. 


Absorption and Utilization 


Ferrous iron is absorbed more efficiently than ferric iron. It is prob- 
able that the major part of ingested food iron, once liberated by gastro- 
intestinal digestion, is reduced from the ferric to the ferrous state prior 
to absorption. Absorption of iron is enhanced when it takes place from 
an acid medium. It is not clear whether this is the result of improved 
conversion of ferric to ferrous iron in the presence of the normal acid 
gastric secretions. It is a well-known fact that the absorption of iron 
becomes more efficient in the presence of ascorbic acid, sulfhydryl com- 
pounds, and similar reducing substances. An excess of phosphates may 
impair iron absorption because of the formation of insoluble iron salts 
which pass through the intestinal tract without being absorbed. Normally 
about 10 per cent of ingested food iron is absorbed. This percentage in- 
creases considerably in iron deficiency states when up to 26 per cent of 
food fron may be taken up by the body. The principal factor which af- 
fects iron absorption is the body’s need for this substance. 

A current generally accepted theory (mucosal blockage) explains why 
under normal conditions iron is absorbed only when needed, thus pre- 
venting excessive storage in the body. Presumably iron enters the mucosal 
cell where it combines with a specific protein (apoferritin) to yield an 
iron-protein complex, ferritin. Ferritin gives up its iron component to 
the blood stream whenever new iron is needed by the body. Iron-free 
apoferritin in the mucosal cell may combine with additional iron absorbed 
from the intestinal contents. However, no further absorption takes place 
as long as the mucosal cell is saturated with iron-containing ferritin, and 
only removal of iron from this ferritin for the purpose of blood hemoglobin 
formation, or for use in other tissues, will unblock the system and will 
make, further intestinal iron absorption possible. 

In the plasma, iron is found in the ferric state, bound to a specific 
globulin in an iron-protein complex, siderophilin. A large percentage of 
the plasma iron is utilized in the bone marrow in the synthesis of hemo- 
globin, while some is taken up by other tissues for the formation of intra- 
cellular enzymes. The presence of small amounts of copper is required 
for the synthesis of iron into hemoglobin and the cytochromes, 


MINERALS 113 


Storage 


The body of an average adult contains about 4.5 grams of iron. Of 
this, approximately 1 gram is stored iron, located principally in the liver 
and spleen. Reservoir iron is found intracellularly in the form of a protein 
complex, either as hemosiderin or as ferritin. This iron is readily mobilized 
when the need arises; as a deficiency develops, the ferritin and hemo- 
siderin reservoirs are depleted before an actual anemia develops. 


Iron Loss 


Red blood cells have an average life span of about 120 days, after 
which they break down. The liberated iron is salvaged efficiently, and 
new hemoglobin is synthesized in maturing erythrocytes, which will then 
replace the destroyed red cells. 

Despite the assiduous conservation of body iron some normal losses 
occur daily by wayeof sweat, hair, desquamated epithelial and mucosal 
cells, leucocytes, and urine and by way of some possible fecal and biliary 
excretion. The normal daily loss of iron in the male adult amounts to about 
1 milligram. Additional quantities are lost to women through menstrual 
blood (about 14 to 28 milligrams) and when the pregnant mother 
furnishes the fetus with iron, a total of 300 to 500 milligrams of iron 
throughout the period of gestation. The total daily iron loss of a woman 
during the period of her active sexual life is estimated at 1 to 2 milli- 
grams. Injury with bleeding, occult intestinal blood loss, or blood dona- 
tion, all contribute considerably to iron loss from the body. 


Deficiency 


Iron deficiency in man is expressed as hypochromic anemia (Chap. 33). 
In this condition the number of circulating red blood cells is either normal 
or reduced, but the total quantity of circulating hemoglobin is decidedly 
subnormal. Each erythrocyte has a reduced hemoglobin content, and the 
red blood cells are pale. The blood has a decreased oxygen-carrying 
capacity which reflects unfavorably on most body functions. The hema- 
tologic manifestations are coupled with a clinical picture common to all 
anemias: pallor of skin and tissues, weakness and fatigability, dyspnea 
on exertion, headache, palpitation, and a constant feeling of tiredness. 

Iron deficiency anemia may develop on a purely nutritional basis, as 
a result of inadequate diet or poor absorption. Occult or overt blood 
loss accelerates the depletion of body iron. Even though absorption and 
the diet are adequate, chronic blood loss may lead to a severe exhaustion 
of the body’s iron stores and to subsequent hypochromic anemia. Indi- 
viduals who harbor intestinal parasites or who suffer from chronically 
bleeding hemorrhoids, peptic ulcers, or recurrent nose bleeds are par- 
ticularly prone to iron depletion. Women in their reproductive years 
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may develop a deficiency if their menstrual loss is copious or if repeated 
and closely spaced pregnancies recurrently exhaust their iron stores. 
A concurrent poor diet or poor iron absorption puts a strain on the 
already overburdened iron economy, and frank deficiency symptoms are 
not infrequent in this group. 

Infants constitute another group in which iron deficiency anemia is 
frequent. The iron nutrition and iron needs of infants are discussed in 
Chap. 17, Nutrition in Infancy, and Chap. 33, Nutrition and the Anemias. 
It is important to remember that availability of iron is not the sole factor 
determining the hemoglobin economy of the individual; the total dietary 
is involved, including protein supply, protein sparing calories, and avail- 
ability of the B vitamins and ascorbic acid. 


Requirements 


It has been estimated that the normal adult male must assimilate about 
1 milligram of iron daily to balance his natural losses; the normal adult 
woman probably requires 1 to 2 milligrams of assimilated iron per day. 
Since normally only about 10 per cent of ingested food iron is absorbed, 
the desired daily iron intake for adult men and women lies between 10 
and 20 milligrams per day. The Food and Nutrition Board recommends 
a daily intake of 7 to 12 milligrams for children and 10 to 15 for adults, 
adolescents, and pregnant and lactating women (Table 22). The Cana- 
dian Standards are lower; they suggest 6 milligrams daily for children 
and male adults, 12 milligrams for adolescents and female.adults, and 
15 milligrams for pregnant and lactating women (Table 24). 

These allowances, especially the Canadian Standards, are conservative 
estimates and should be increased considerably if there is evidence of 
blood loss or of conditions which impair the assimilation of ingested iron. 


Sources 


The following are good sources of iron (in decreasing order of excel- 
lence): liver, heart, kidney, liver sausage, lean meats, shellfish, egg 
yolk, dried beans and other legumes, dried fruits, nuts, green leafy 
vegetables, whole-grain and enriched cereals and cereal products, and 
dark molasses. Milk is a poor source of iron, which is the reason for an 
early use of iron enriched cereals, egg yolk, meat, and green leafy vege- 
tables in infant feeding. 

Information regarding the iron content of the common foods is found 
in the Tables of Food Composition at the end of the book. 


Copper 
Function 


Copper is a component of the enzyme tyrosinase (polyphenol oxidase), 
which is necessary for melanin pigment formation in the body. It is also 
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part of the molecule of uricase and of butyryl coenzyme A dehydro- 
genase and is probably associated with other oxidation-reduction enzymes 
in the body. It is believed that copper stimulates the absorption of iron. 
Copper appears to play a role in the synthesis of iron into the hemo- 
globin and cytochrome molecules, but the exact mechanism for this 
hematopoetic role is not established. 


. Utilization 


Copper is absorbed from the upper portion of the small intestine. 
In whole blood, about half the copper is found in the erythrocytes and 
the other half in the plasma. Practically all the plasma copper exists in 
the form of ceruloplasmin, a copper-a-globulin compound. The liver 
is the chief organ of storage; it also serves as the major organ of excretion 
since copper is excreted primarily in the bile. The copper content of the 
fetal liver is five to ten times greater than that of the liver of the normal 
adult. This has been interpreted teleologically as a wise provision of 
nature to tide the newborn over a period during which the diet consists 
chiefly of milk, which is. notably low in copper. 

The relation of diet therapy to abnormal copper metabolism and 
storage (Wilson’s disease, or hepatolenticular degeneration) is discussed 
in Chap. 32, Nutrition and Diet in Congenital Metabolic Disorders. 


Requirements and Deficiency 
In infrequent cases of hypochromic anemia in infants, the therapeutic 
efficacy of iron is augmented by the concurrent administration of copper. 


TABLE 17. Drerary Sources or Copper 
(Micrograms per 100-Gm edible portion) 
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Many of these infants have subsisted on almost nothing but cow’s milk 
for periods of up to 10 months, and it has been suggested that these may 
be rare cases of a true copper deficiency. 

Demonstrable instances of copper deficiency have yet to be recognized 
in adult man. The human diet ordinarily contains more than enough 
copper to maintain balance. The daily requirement of copper is 2 milli- 
grams. Even poor diets contain at least this amount, and copper is wide- 
spread enough in foods so that death from caloric starvation is likely 
to occur prior to the appearance of an overt clinical deficiency of copper. 


lodine 


Physiology 


Iodine is an essential nutrient for man; its sole recognized function 
in the human organism is its role in the formation of thyroid hormone, of 
which it is a basic component. Thyroid hormone regulates the metabolic 
rate of the individual. One of the factors which affects the output of 
thyroid hormone by the thyroid gland is availability of iodine. In the 
absence of sufficient iodine, the gland increases its secretory activity in 
an attempt to compensate for the deficiency; as a result, the gland en- 
larges and becomes turgid with an iodine-poor secretion. This condition 
is known as simple, or endemic, goiter. 

Once ingested, iodine is absorbed from the small intestine. It is found 
in the blood both as inorganic iodide and as protein-bound iodine. It 
is taken up by the thyroid gland as the iodide ion and is selectively con- 
centrated there, oxidized to elemental iodine, and incorporated into the 
amino acid tyrosine, which, after conversion to diiodotyrosine, thyroxine, 
and triiodothyronine, becomes part of the thyroglobulin complex—the 
biologically active hormone. 

Synthesis of thyroid hormone may be effectively prevented, even in 
the presence of sufficient iodine in the diet and the circulation, by certain 
drugs (thiourea, thiouracil ), which block the oxidation of iodide to iodine 
in the thyroid gland. Cabbage, rutabaga, and other members of the 
Brassica family contain a goitrogenic substance, thio-oxazolidone, which 
acts similarly in interfering with thyroid hormone synthesis. Under or- 
dinary circumstances insufficient quantities of this goitrogen are ingested 
to be of clinical significance, 


Requirements and Deficiency 


The optimal adult requirement for iodine ranges from 0.15 to 0.30 
milligrams per day. The need for iodine is increased during puberty and 
pregnancy. Presumably the demand for thyroid hormone increases during 
these periods, and temporary enlargement of the oversecreting thyroid 
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gland may be observed not infrequently. The need for iodine is increased 
in pregnancy because the fetus must derive its iodine requirements and 
stores from the mother. During lactation, maternal iodide is lost through 
secretion in the milk and the minimal iodine requirement is almost 
doubled at the time of maximal lactation. 

Food which is grown on iodine-poor soil contains insufficient iodine 
to meet human needs. Endemic, or simple, goiter is observed frequently 
in regions deficient in iodine. A high incidence of simple deficiency 
goiter has been found in the Alps, the Pyrenees, the Himalaya mountains, 
the Thames Valley in England, Central America, the Great Lakes Basin, 
and northwestern sections in the United States. Additional areas through- 
out the world are subject to moderate degrees of iodine deficiency. 
Though Japan is geologically low in iodine, it represents a remarkable 
example of a goiter-free population, while Formosa and the interior of 
China, both similarly depleted in iodine, have a high incidence of goiter 
in their population. The absence of goiter in Japan results from the 
Japanese gastronomic predilection for seaweed and fish, which are ex- 
tensively consumed both in the coastal regions and in the interior of the 
country and which are unusually rich in iodine content. 

Possibly the most pressing reason for preventing simple deficiency 
goiter is not the attendant mild hypothyroidism itself, but the concomitant 
cretinism of goitrous populations. The human fetus derives little thyroid 
hormone from the mother during intrauterine life and must elaborate 
his own. In the absence of sufficient iodine the fetus fails to develop 
normally. The physical retardation may be corrected by the administra- 
tion of thyroid hormone, but the mental retardation in congenital cretinism 
of long standing is irreversible and the damage irreparable to a great 
extent. 


Pad 


Sources 


Among natural foods, the best sources of iodine are sea foods and 
vegetables grown on iodine-rich soils. Neither source enjoys universal 
distribution, and various methods have been proposed to assure an ade- 
quate iodine intake, especially for populations in iodine-poor regions. 
The use of iodized salt has thus far proved the most successful and most 
widely adopted method. In the United States, commercially iodized salt 
contains 0.01 per cent of potassium iodide. Assuming that the average 
adult uses 6 to 6.5 grams of salt daily, his concurrent iodine intake from 
this source is 0.48 milligrams; this amount of iodine represents about 
twice the normal requirement and provides amply for a sufficient reserve. 
In Central America iodates are used successfully instead of iodide; they 
have the advantage of greater stability in salt which is not highly refined. 

The major source of iodine in the United States is iodized salt. The 
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physician must not overlook this fact when a patient is placed on low 
salt or salt free diet, especially in the case of pregnant women for whom 
he may desire a reduced sodium intake because of circulatory or renal 
disease or a tendency to toxemias of pregnancy. Considering that the 
iodine requirement in pregnancy is high, an iodine supplement is desir- 
able if rigid salt restriction has been ordered for the patient. 


Cobalt 


Cobalt is a component of the vitamin B,2 molecule, and this may well 
be its only biologic function in the human body. Cobalt is found in many 
common foods; it is readily absorbed from the intestinal tract, and most 
of the absorbed material is excreted in the urine. Very little of this ele- 
ment is retained; the retained fraction serves no physiologic function 
since human tissues cannot synthesize vitamin B;2 and thus do not utilize 
the available cobalt for this purpose. There is no known human cobalt 
requirement (except for that contained in vitamin By), and cobalt 
deficiency in man is unknown. 


Zinc 


The physiologic importance of zinc lies in the fact that it is a com- 
ponent of several enzymes which catalyze vital metabolic reactions. Zinc 
is an integral part of the molecule of carbonic anhydrase (found in red 
blood cells), without which carbon dioxide exchange could not take 
place with sufficient dispatch to sustain life. Zinc is also a component 


TABLE 18. Dietary Sources or ZINc 
(Milligrams per 100-Gm edible portion) 


Applesauce, canned........... 1.2-1.4 Liver, pork. :..44.5,.-+. see 3-15 
EIBELOV En Gs ttn h: tne eee ya f Milles cowed igok re eee 0.4-3.0 
CCl A ee oo ne Ge sce oe tee Milk. dry alcim: J. veen eee 4.5 
Lc ie Ola eee Se eRe 2.8 Oatmeal 3.47265, Sieh hale tance 14 
Bread, whole wheat........... 2.4-3.5 OPEN ROR airs aan ee aon een 0.1 
STOR, PVG hr Gos, ears 2.2 Oysters. vnehm et en eee 160 
BOON sou. c ee tends 0.3 Peanut buttery. . 3.05.56, eee 2.0 
Cabbape. > hans cy en eee 0.2-1.5 Pears, danned)s.2t-sesne eee 1.5-1.8 
APARE GR cc rc uitee eta pae a 0.5-3.6 POA ass Hepenelle is ee 
Cherries, canned... . 1.6—2.2 Potatoes, ..-\<s cn 2 oe 0.2 
eS Se 5 de Poy pe Oe ee ae 2.0 HAGGs 65s: a onde ae ee 1.5 
Corh, whole; 2 eee pee 2.5 Rate iafeal co. se ee 1.9 
Eggs, dry whole....... 5.5 Sivup, Maples: 750. een ee 5.2-10.5 
Migg yolks. .usiaeassas 2.6—4 0 ee 
Herrings..... . Seige hi oe LS Lee Wheat, occas che0h \ewkle ei 
Lettuce. ween stat et ak ety ee are ae a Ra Wheat trans =. 42) o.00 eee 14 
Liver, Deel. os. .caudeeeuh cae ee Youst, Gry ic yi. +cce ss oe 8 
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of the digestive enzyme carboxypeptidase and of several dehydrogenases 
active in the liver in animals and, by inference, possibly in man as well. 
Contrary to a widely held belief, zinc is not essential for the physiologic 
activity of insulin. 

The human requirement for zinc has not been defined. It is widely 
distributed in foods, and no manifestations of deficiency have been 
reported under natural conditions. An excess of zinc may be harmful; 
enough zinc may be dissolved from galvanized-iron cooking utensils by 
acid foods to produce untoward gastrointestinal symptoms. 


Manganese 


Manganese is part of the molecular structure of arginase, an enzyme 
necessary for the formation of urea. It also serves as an activator of 
several enzymes active in the Krebs cycle reactions (Fig. 5), particularly 
in the decarboxylation steps which occur during the metabolism of di- 
and tricarboxylic acids. Based on its role in enzymatic reactions, it is 
considered an essential micronutrient. 

Manganese is widely distributed in foods of plant and animal origin. 
The human requirement is unknown, and a deficiency syndrome has yet 
to be reported. 


TABLE 19. Dierary SourcEes oF MANGANESE 
(Micrograms per 100-Gm edible portion) 


OE ee 640 CAVE iets Sinan ace eae aae 391 
NE caw yoo uaa Ww sy oe 9a 1,500 EPAT SEAN or Shed cori ta aa ee a 4,945 
Sel ne eae a 325 Pea TG ck tre ares des es ee 
ROEM Cis aiavhva odes oak Wa ee 575 Pres: dred Ao ce Nines wwe ee | ee 
OU ASS 680 ce white: 5.28. b.n 4 Gale se xre® yee 
MEI ers ain via x wiees.s'e, LO Rye, whole grain... . ic .s.06%.5 ss 8,007 
Flour, whole wheat.............. 4,300 A NUPERONE 7 bic fxelaceh crea e esto a 828 
I Fao sce s ob 539.00 are 0% 590 Sweet potatoes. ... 6.6102... 0e es 407 
Ee Aa ar ee ie 1,240 WRT hoe 5 cete saan ee Edel WSL 4,591 
Magnesium 


-Magnesium is a component of soft tissues as well as bone. Cardiac 
and skeletal muscle and nervous tissue depend on a proper balance 
between calcium and magnesium ions for normal function, Magnesium is 
an essential activator for the phosphate-transferring enzymes myokinase, 
diphosphopyridine nucleotide kinase, and creatine kinase. It also acti- 
vates pyruvic carboxylase, pyruvic oxidase, and the condensing enzyme 
in the Krebs cycle reactions. 

The magnesium requirement of man has not been determined; diets 


supplying 250 to 300 milligrams keep healthy adults in balance. A de- 
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ficiency syndrome has been reported which is the result of severe renal 
disease, toxemia of pregnancy, chronic alcoholism with hepatic cirrhosis, 
or the prolonged administration of magnesium-free parenteral fluids. 
This syndrome is manifested by muscle tremor, choreiform movements, 
and, in severe cases, convulsions. Delirium may accompany the nervous 
manifestations. The condition responds to parenteral administration of 
magnesium. A true dietary deficiency of magnesium has not been reported 
in man. 


TABLE 20. Dinrary Sources oF MAGNESIUM 
(Milligrams per 100-Gm edible portion) 


Almonds: 2s sucr5s cient anes oe Oatmeal i265. ei ces ee ee 145 
Barley, enireig. . «itn wunee ows Wg | Oranges; fresh Jus ccc co niece ciioeenne 13 
Beatie” Lama, drVisc. cms eee 181 Peaches, fresh ..0.% s280cee eee 8 
Beefs FAW es. <a 0 os opin Nae. eae 25 Peanuts? 2% cscvietesss vo 167 
Bragil nites). jo. es ee cae eek eee Peas, fresh. vicvseeeaoie a eee 140 
CArrate -TAW ibs date oe aatemnna 12 PORCHES ise kina orcas « oeielee mera eae 152 
(cashew: TGSs7 bs a since eee 267 Potatoes, TaWeseviecnts- cee 24 
Chickon,;TOaslies, sceviens.a ae meee Rice; browis a. cae oe ee ee 119 
ECORI as ee Spe eae i eee 420 SOV HOUl s+ ae tee olen ee 223 
God cooked? Sse icici eens aes 21 Spinach, boiled ....5 70. . ence 59 
Gori Se. Meg e ates ae ere ee es 121 Tomatoes) raw f.sase.00 sc 11 
Flour, whole wheat. .4 x.) «etm «es 122 Wialnuitsie.< vn ae cic ncnre eee nenerens 134 
EUR ity COORPU  )5 94 e >a eae 23 Wheat, whole *e.. ..020. oo ene 165 
FIQZOIMUGE ea os clele ae acre cela 140 
Molybdenum 


Evidence that molybdenum is an essential trace mineral is based on 
the fact that it is part of the molecular structure of two enzymes, xanthine 
oxidase and aldehyde oxidase. Both enzymes are molybdoflavoproteins; 
the molybdenum is most likely involved in the linkage of flavin nucleotide 
(the prosthetic group, or coenzyme) to the substrate-specific protein 
(apoenzyme). A catalytic role in fatty acid oxidation has also been 
ascribed to molybdenum. : 

Claims have been made that molybdenum exerts a stimulatory effect 
on hemoglobin regeneration when it is used concurrently with iron 
therapy in hypochromic anemias. These reports still await substantiation. 
To date, no characteristic syndrome of molybdenum deficiency has been 


recognized in man. 
Fluorine 
Physiology 


Fluorine is important inasmuch as it is normally present in bones and 
teeth and a proper intake is essential to achieve maximum resistance to 
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dental caries. It is discussed here particularly because of the beneficial 
effects of small amounts of fluorine in the prevention of dental caries in 
children and adults. Other specific functions of fluorine in the body are 
not known. Fluorine deficiency in terms of lowered resistance to dental 
caries is prevalent in large sections of the world. On the other hand, 
retardation of growth or soft-tissue lesions have not been produced 
under natural or experimental conditions in man or animal as a result of 
fluorine deprivation. 

Fluorine is widely but unevenly distributed in nature. Water normally 
contains traces of fluorine; the fluorine content increases, sometimes 
excessively, when water passes through rocks and soils of special compo- 
sition. It is found in many foods, sea foods and tea being the most signifi- 
cant dietary source. Information on fluorine metabolism is meager. Its 
intestinal absorption depends to a large degree on the solubility of the 
ingested fluorine compound. 

The fluorine content of normal human blood is about 0.2 parts per 
million (ppm) and that of saliva, 0.1 ppm. Almost all ingested fluorine, 
up to 3 milligrams per day, is quantitatively excreted in the urine (and 
to a small degree in the feces and sweat). Prolonged, higher intake may 
result in excessive storage of fluorine in the skeleton and teeth. 

An excessive intake of fluorine leads to mottling of the enamel of the 
teeth. In extreme cases the enamel may become pitted and the teeth 
appear stained and corroded. This condition of dental fluorosis is endemic 
in a number of communities, including localities in Colorado and the 
Texas panhandle where the natural water supply contains from 2 to 6 
ppm of fluorine. On the other hand, when the fluorine concentration in 
the drinking water is about 1 ppm, a marked decrease in dental caries is 
observed as compared with the national average. 

The precise mechanism by which fluorine inhibits the development of 
dental caries is not known. Fluorine which is incorporated into the tooth 
enamel during the formative period apparently reduces the solubility of 
this enamel in the acids which are produced by bacteria in contact with 
the teeth and which are implicated in tooth decay. It has also been 
suggested that the fluoride may inhibit bacterial action on the tooth, 
though this is less plausible. 


Fluoridation 


At present sodium fluoride is added to the municipal water supply 
in a large number of communities in an effort to decrease the incidence 
of dental caries among the young. Such fluoridated water usually contains 
1 ppm of fluorine. 

An average daily diet provides 0.25 to 0.35 milligrams of fluorine. 
In addition, the average adult may ingest daily 1.0 to 1.5 milligrams from 
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drinking and cooking water which contains 1 ppm of fluorine. This same 
water contributes from 0.4 to 1.1 milligrams of fluorine to children 1 to 12 
years old. This added quantity of fluorine, if ingested during the child- 
hood years (up to age 16), makes a difference between a high or low 
rate of tooth decay. 

In every instance where well-controlled studies were made subsequent 
to the introduction of fluoridation, a marked decrease of carious teeth was 
noted. Toxic manifestations or other undesirable effects have not been 
observed as a result of fluoridation at such low levels. All available evi- 


TABLE 21. Drerary Sources orf FLUORINE 
(Micrograms per 100-Gm edible portion) 


WATSON ie Sta vias Minas on lore re Herring; smoked; scr... 4s 350 
SP PIGG A cats id 9a slhemiin Aspe ata 5-130 Honeyien At wets guns 100 
PLEIUCUB ee tr ac ss ke Sn et 2-22 Kale sete teva g ee eee 16-300 
Prarie teens 2.8, Aeon aa oa ee are liambs:- Seo sana eee 120 
Beans, sie sh eeck es eae 13 Mackerel "ctr wean 2,700 
Bent Soe cee ae tik er 29-200 Mackerel, canned........... 1,200 
Round etoak, vcs a. oseeen ees 130 Milk x5, 3 oe as Rane 10-55 
Beet liverec wer. cudnt pate eo CORTES ose ony ered wee ee ecsieeee le 25 
RGB TLVED cate ys tuna k oe ees 19 OMOng. coo eee wie ee 60 
Pe Steen ears, Sie cours Gi clare te 20 UPB OS sec 5 <2 58 anaes hee ia ne 
Butter...... Wate Se ate 150 OyEterd= 218.0 oes en ee 65 
DADNAgA iia ak ets S iota ed 15 Parsley. 4.460729 ae 80-100 
A ARALON Gases 57d hice ls 20 Paathesxcc\ieiause pan eee 21 
EBPeOtee! air h ue, a hae vetaki ieee GARR hind.) eee cate ae een ae 19 
EEE 9 een Pe eR ee, UE ID 14 AHA Ts nu oi ee oe eee 60 
SHERMER Can Daath eae 160 Pineapple; ences cote oe. Oe 14 
MIN ESTIONNG co 05-4 a halos a eee 25 Pluie Scere eee 21 
ROME itsy Sas 4S ek ake cones oe ees 140 Pork Gissshee a oe 34-98 
Chicken, canned............-. 63 Dalt pork sorte 2x one ee 100-3,300 
POONA Na occ Git Oe el wont ae Potatoes 5 < sas a eee 7-640 
Chocolate milk................ 50-200 Radish. 4 aeqnwum os bo eee 80 
SEGHEL AG 5 Aa ieg Oe thy ety 700 Rhubarb .25.32e6 645. 0. eee 40 
RTH ane Ue uke oe hat ee 62 Rica, «4:05 see ck ed Bee ee eee 
MEM SMG 5 «oes finite ck es 22 _ Salmon, canned............. 450-900 
Crab meat, canned............ 200 Sardines, canned............ 730—1,600 
UCUINDEE 2 Vinee eee pee 20 Shrimp, GAUNeds «ccc. cee 440 
|e NS tn Re ae Soy beara. <\4.5 vos ee ee 130 
Whole LP chk Cea Ee ee ein tts 120 Spinsehs ssh acne ae ee oe ee 
White. eT SET Ae Cree Tk Strawberries................ 18 
: Pe OLE a te aye’ Saud pane 59 Tea intisiony,, .si.0.alaee 120-6,300 
Eggplant ee A Aa VS 40 TL Oninhoes. (sae oe eee 24° 
HABE > oa svk Sea Sp ewrer eee 21 Sonn, Gnriied 7-6.4. ce 10 
Fish Raith oldie dads Go.) ae 160 Dirnlpe cata cea. ee eee 30 
Frankfurters...... . eee ee 170 NV eplvaics isd Soe 90 
Gooseberries.................. 11-52 Water cress............ ; wy 100 
finality. 3.04 cnn 36 Wheath. octaeecurse ae s 70 
ne SER TROL E Se ee 16 Wheat flour... .....ssccc0n. STORE 
SSGINGUA. ss ae 30 Wheat germ. .:..¢. <<. sceewes S8—400 
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dence indicates that the consumption of water containing 1 ppm of 
fluorine is safe and accomplishes a significant reduction of dental decay 
among children and adolescents. 

This prophylactic action of fluorine should not overshadow the im- 
portance of other nutrients which are essential for normal tooth forma- 
tion. For a maximum of dental well-being, the total diet must be 
satisfactory and adequate amounts of calcium and phosphorus as well 
as protein and vitamins A, D, and C must be supplied to the pregnant 
mother and to her children. 


Sodium 


Both sodium and potassium are essential for the normal functioning 
of the body. Dietary deficiencies, however, are rare under ordinary cir- 
cumstances, which is probably the reason why little attention is paid to 
either element in the discussion of dietary requirements. 

Practically all the sodium in the body is found in the extracellular 
fluids. Sodium ions comprise 93 per cent of the basic ions in the blood. 
Sodium plays an important role in the regulation of the acid-base balance 
in the body fluids and determines to a large degree the osmotic pressure 
of the extracellular fluids (Chap. 3). Under normal conditions, 90 per 
cent of ingested sodium is excreted in the urine, usually in the form of 
sodium chloride and sodium phosphate. Under conditions of intense 
perspiration, sweat becomes the main vehicle of excretion. Prolonged, 
profuse perspiration may lead to sodium chloride depletion, with mus- 
cular cramps, weakness, headache, and vascular collapse. The pro- 
phylactic use of increased salt in the diet is indicated in occupations 
where excessive perspiration is a factor. (Under unusual circumstances, 
such as work in boiler rooms, salt tablets are used to compensate for 
excessive sodium chloride loss.) A special need for sodium chloride 
replacement also exists after recurrent vomiting, protracted diarrhea, and 
in adrenal cortical insufficiency. 

The normal intake of sodium chloride may range from 2 to 20 grams 
daily. The Food and Nutrition Board states that 5 grams is a liberal 
- allowance; one additional gram of salt should be taken for each liter of 
water in excess of a daily intake of 4 liters. Information regarding the 
sodium contents of foods is found in the Tables of Food Composition in 
the Appendix. The therapeutic use of sodium restriction is discussed in 
Chaps. 27, 29, and 30. 


Potassium 


In contrast to sodium, potassium occurs mainly in the intracellular 
fluid. The cellular elements of the blood contain about twenty times as 
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much potassium as the plasma; skeletal muscle contains about six times 
as much potassium as sodium. Potassium influences the contractility of 
smooth, skeletal, and cardiac muscle and profoundly affects the excita- 
bility of nerve tissue. Potassium deficiency can result from protracted 
diarrhea, abnormal kidney function, diabetic acidosis, and renal disease. 
Hypopotassemia may also be produced iatrogenically by prolonged 
maintenance of body fluids with parenteral glucose and sodium chloride 
infusion. Potassium deficiency is manifested by muscular weakness, in- 
creased nervous irritability, mental disorientation, and cardiac irregu- 
larities. Excessive concentrations of potassium are toxic. With increasing 
blood levels of potassium, cardiac irregularities develop; extreme hyper- 
potassemia (10 millimoles per liter or more) results in serious cardiac 
arrythmias, progressing to cardiac arrest. 

Hyperpotassemia is almost always the result of greatly diminished 
renal excretion caused by kidney disease or by oliguria accompanying 
shock and dehydration. It is impossible to produce hyperpotassemia 
through dietary means in individuals with normal circulation and renal 
function. Similarly, dietary potassium deficiency does not exist under 
ordinary circumstances, 

The dietary need for potassium roughly equals that of sodium. Informa- 
tion regarding the potassium content of foods is found in the Tables of 
Food Composition in the Appendix. 


Water 


A discussion of the inorganic nutrients and their dietary requirements 
would be incomplete without mention of water, Among the various 
nutrients, water is second only to oxygen in importance, which is not 
surprising considering the prompt and dire results which follow the 
failure of adequate supply. Water is unique because it not only serves 
as an essential nutrient, it also constitutes the major component of the 
body, its vehicle of chemical transport, and the medium in which prac- 
tically all metabolic reactions involving ordinary nutrients take place. 
The fluid compartments of the body and the dynamics of external and 
internal water exchange have been discussed in Chap. 8. 

Both the Food and Nutrition Board and the Canadian Dietary Stand- 
ards recommend a daily intake of about 2.5 liters, or 1 milliliter of water 
for each calorie of food, under conditions of moderate temperature and 
exercise. The actual intake, in the form of fluid and solid foods and 
drinking water, varies considerably, but is ordinarily kept within normal 
bounds without conscious regulation. Infants and sick individuals are 
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exceptions to this rule. Uncontrollable vomiting or copious diarrhea may 
result in rapid dehydration and even death (due to circulatory failure), 
especially in infants. Unconscious or comatose patients are also very 
prone to water deprivation; an adequate fluid supply must be a primary 
consideration in their care. 





PART 3 


NUTRITION IN HEALTH 





CHAPTER I3 


HUMAN NUTRITIONAL REQUIREMENTS 


_ A normal diet should conform to the following basic criteria: (1) it 
should supply all essential nutrients in adequate amounts; (2) it should 
supply a physiologic quantity of bulk and fluids and should be easily 
digestible and confer a feeling of satiety; (3) it should be readily avail- 
able, both from the standpoint of supply and of cost; and (4) it should 
live up to the gustatory expectations of the prospective consumer and 
conform to the gastronomic customs of his group. Within this framework 
an infinite variety of foods and menus is possible. There is no single food 
pattern which must be followed to ensure adequate nutrition. 


Dietary Standards 


Dietary standards are quantitatively stated summaries of nutritional 
requirements; they are primarily concerned with the first criterion of 
the normal diet and are used to formulate, and at times evaluate, food 
intakes. The first scientific dietary standards, as we know them today, 
were developed during the 1930s. In 1933 the British Medical Association 
organized a Committee on Nutrition to determine the minimum food 
intakes needed to maintain health and working capacity. In 1936, the 
Health Organization of the League of Nations published a dietary 
standard based in part on physiologic needs. During World War II 
dietary standards were formulated in many countries, and since then 
the World Health Organization and Food and Agriculture Organization, 
both of the United Nations, have endeavored to formulate universal 
minimum human dietary standards, so far for calories, proteins, and 
amino acids only, based on physiologic requirements. 


Recommended Dietary Allowances, Food and Nutrition Board 


In the United States, nutrition standards have been formulated by 
the Food and Nutrition Board of the National Research Council under 
the name “Recommended Dietary Allowances.” These dietary allowances 
are found in Table 22. They are designed to maintain good nutrition 
for healthy persons in the United States under contemporary conditions. 
The nutritive intakes recommended are, in general, higher than average 
requirements and lower than the amounts needed in illness or in rehabili- 
tation of deficiencies. The allowances are designed to serve as a guide 
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for planning food intakes for population groups, rather than for the 
evaluation of the nutritional status of such groups. 

The United States allowances have adopted in principle a distinctive 
feature of the caloric standards of the Food and Agriculture Organization 
of the United Nations (FAO). The United States recommended calorie 
allowances are based on a reference man and woman, 25 years of age, 
living in a temperate climate at 20°C, physically fairly active, and 
weighing 70 and 58 kilograms, respectively. Adjustments can be made 
for variations in age, body weight, physical activity, and climate for 
persons differing from these specifications. The Food and Nutrition 
Board recommends a 3 per cent reduction in the calorie allowance for 
each decade between the ages of 30 and 50 and a 7.5 per cent reduction 
per decade from ages 50 to 70. A further decrement of 10 per cent is 
recommended for the years from 70 to 80. Each 10°C increase in average 
temperature above the basic 20°C calls for a reduction of 5 per cent in 
caloric intake. The caloric allowance should be increased by 5 per cent 
for the first 10° decrease below the standard 20°C and by 3 per cent 
for each additional 10° decrease. 

The caloric requirement may be adjusted for men and women who 
differ from the standard body sizes with the aid of the following 
formulas: 


Calories for men = 0.95 (815 + 36.6W) 
Calories for women = 0.95 (580 + 31.1W) 


where W = desirable body weight, in kilograms. Calorie allowances should 
_always be based on the body weight which is desirable for the indi- 
vidual’s height, not on his actual weight, which may be above or below 
normal. Desirable weights of men and women can be readily obtained 
from individual height measurements with the aid of Table 35. Table 36 
gives the recommended calorie allowances for individuals of various 
body weights and ages. 

Recommended allowances for infants and children are given in age 
groups and, after the age of 12, for boys and girls separately, since the 
growth curves and levels of activity differ significantly after this age. 
Allowances are based on the needs for the middle year in each group 
and under normal activity at the weight levels indicated in the table. As 
with adults, adjustments from the standard should be made for children 
who differ in size and activity. 

The recommended allowance values of the table are for nutrients in 
foods as consumed and do not take into consideration prior losses in 
storage, cooking, and serving. Provision should therefore be made for 
these losses in planning practical dietaries. The allowances do provide 
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for possible incomplete availability or absorption of certain nutrients, 


such as iron and carotene. 
The requirements for nutrients not tabulated in the Recommended 


Daily Dietary Allowances are discussed in the appropriate preceding 
chapters. 


Minimum Daily Requirements, U.S. Food and Drug Administration 


Table 23 details the minimum daily requirements of specific nutrients 
as formulated by the U.S. Food and Drug Administration. For legal 
reasons, the levels chosen are such that intakes below this minimum 


TaBLE 23. U.S. Foop anp DruaG ADMINISTRATION, MIntmuM DarILy REQUIREMENTS 
or Speciric NUTRIENTS 











Children Children Pregnancy 
Infants 1—5 years 6 years Adults or 
inclusive and over lactation 
BUS Pevnits sc... 1,500 3,000 3,000 4,000 
Dy UIE yg tie gee sas 0.25 0.50 0.75 1.00 
Ey sill eerie atone bc tales 0.60 0.90 0.90 1.20 
IFC INO cee Maree 5 iD 10 
Sy TOES ah won occ 10 20 20 30 
De US-P. Wnitae. + - 400 400 400 400 
Caleiumiy Gin. .5. theo kee 0.75 0.75 0.75 1.50 
Phosphorus, Gm....} —..... 0.75 0.75 0.75 1.50 
RPO WU ae ees seek 7.5 10 10 15 
TORMMES  waehls Ses<t |) os Oe ge ee ie 0.1 0.1 0.1 





standard would produce demonstrable deficiency signs. This minimum 
standard is used primarily in connection with legal labeling requirements 
of foods and vitamin preparations and covers only the major vitamins 
and minerals. 


Canadian Dietary Standards 


The Canadian Dietary Standards were formulated by the Canadian 
Council on Nutrition, a group advising the Department of National 
Health and Welfare. Presumably the Canadian Standards can be used 
(1) as a basis for planning food intakes for persons or groups, (2) to 
evaluate the adequacy of observed intakes, and (3) to indicate a “nu- 
tritional floor” beneath which maintenance of health is not assured. The 
basic concept in this standard is that the nutrition requirement is made 
up of a maintenance need and an additional allowance for physical 
activity. The main variant influencing the maintenance need is body 
size (expressed as body weight). The Standards make no allowance 
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for variation due to age or climate. The Canadian Dietary Standards are 
given in Table 24. Far from being a nutritional floor with respect to all 
essentials, most Canadian figures are approximately intermediate between 
minimal requirements and generous recommendations. In many cases 
the Canadian figures are identical with the United States allowances. 
However, the allowances for thiamine, vitamin A, and ascorbic acid, as 
well as for iron in males, are significantly lower than the recommended 
United States allowances. 


British Standards 


In 1950, following its initial 1933 report, the Committee on Nutrition 
of the British Medical Association published a more comprehensive 
report, including a summary of average requirements. The basic caloric 
maintenance allowance for men was set at 2200 calories, and for women 
at 1800 calories per day. Allowances for different degrees of physical 
activity are added to this basic requirement. According to the British 
recommendations, 14 per cent of the calories should be provided by 
protein in the case of infants, children, adolescents, pregnant women, 
and nursing mothers. Adults should consume at least 11 per cent of their 
caloric requirement in the form of protein. Between 25 and 35 per cent 
of the total calories should be provided by fat, and the remaining 
balance (after allowing for the protein portion), by carbohydrates. 
Except with respect to vitamin C, the British standard does not differ 
appreciably in its requirements for vitamins and minerals from its 
United States counterpart; it considers the low level of 20 milligrams 
an acceptable daily allowance of ascorbic acid for adults. Table 25 repre- 
sents a brief summary of the British dietary recommendations. 


TABLE 25. SUMMARY oF BritisH MeEpicaL ASSOCIATION DIBTARY RECOMMENDATIONS 
Se Se ae ee 














Children, _ Men Women 

age 7-10 (light work) (medium work) 
WMIOTION. 6 rind on ks fee ce 2000 2750 2500 
Preotertie GM a tes oo on 74 80 73 
lent (atig jaro ae een 1000 800 800 
REOU, UE acts 8 bes, Seed 10.5 12 12 
WITKIN Ae le cate wus e oe 3000 5000 5000 
a Wiemine, mr: feccecee eck, 0.8 te 1 
Riboflavin, mg.............. V2 1.6 |B 
NiRGIT, MP. y dee ve Soe 8 16 10 
Ascorbie acid, mg........ 20 20 20 
Mite DE, sedges cae 400 


HUMAN NUTRITIONAL REQUIREMENTS 135 


International Standards 


To date, the Food and Agriculture Organization of the United Nations 
has adopted average minimum standards for calorie and protein re- 
quirements. 

The FAO calorie standard is based on a hypothetical reference man 
and woman. The reference man is 25 years of age, weighs 65 kilograms, 
and is physically fit. He lives in the Temperate Zone at a mean annual 
temperature of 10°C and neither gains nor loses weight. He works 
§ hours per day at a nonsedentary occupation which requires only occa- 
sional periods of hard physical labor. When not at work, he is sedentary 
for about 4 hours daily, spends about 1% hours on active recreation or 
household work, and may walk for up to 14 hours. This reference man 
requires, on the average, 3200 calories daily. 

The reference woman is 25 years old, weighs 55 kilograms, is physically 
fit, and lives in a similar climate. She is either engaged in full-time 
housework or works in light industry. She walks for about 1 hour each 
day and engages in active recreation (playing with children, gardening) 
for about another hour. This reference woman requires, on the average, 
2300 calories daily. 

Formulas are provided which permit the calculation of caloric needs 
of actual persons in accordance with their respective physical activity, 
body size, climate, and physiologic state. The figures obtained are of 
the same general order of magnitude as those set forth by the United 
States and Canadian standards. 

The protein requirements, as provisionally suggested by FAO, are 
unique in that they are based on a hypothetical reference protein of a 
provisional, desirable amino acid composition. Table 26 details the 
specific amino acid pattern of this reference protein, and Table 27 sum- 
marizes the average minimum protein requirements through life as set 


forth by FAO. 


Individual Variance in Nutritional Requirements 


Individual organisms differ in their genetic make-up and differ also 
in morphologic and physiologic aspects, including their endocrine 
activity, metabolic efficiency, and nutritional requirements. The science 
of human nutrition applies to a genetically heterogeneous group, particu- 
larly in the United States, where the population exhibits a very diverse 
hereditary background. In contrast to inbred strains of laboratory 
animals, such a human population represents a wide spectrum of 
physiologic needs. The greater the number of metabolic variants con- 
sidered, the more heterogeneous the population appears and the smaller 
is the likelihood that any number of individuals share identical nutritional 
requirements. 
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TABLE 26. Esspntrat AMINO AcID PATTERN IN PROVISIONAL FAO REFERENCE PROTEIN 
ee a 
FAO reference 


: Whole egg 
protein 


Human milk Cow’s milk 














Amino acid 





Milligrams amino acid per gram protein nitrogen 








Peelencine 40,002 os noe 270 411 407 428 
Genicinc ee rte 306 572 630 565 
| By git ee eee re oer 270 402 496 396 
Phenylalanine....:.... 180 297 311 368 
bey yetciael har enn een ear oe 180 355 323 274 
Sulfur-containing: 

Rotel pate ete ete 270 274 211 342 

Wethioninees ise 144 140 154 196 
[ChreOnin cae etree: 180 290 292 310 
Tryptophan! jets see: 90 106 90 106 
sist hth Ginette eer sean ceeeteiaes 270 420 440 460 





Amino acid per 100 Gm protein 





[seloucinetcr....1e-. oes 4.2 6.4 6.4 6.8 
Beene ata: caieter an. oe 4.8 8.9 9.9 9.0 
EGVGUIB AS coe e-# actin’ sects > 4.2 6.3 7.8 6.3 
Phenylalanine.......... 2.8 4.6 4.9 6.0 
DV EUENDIGE sey aoe ee Fe es 2.8 5.5 5.1 4.4 

Sulfur-containing: 
SP OUAL cca iatatem tre hate. re 4.2 4.3 3.3 5.4 
Methionine. . :..:....0 2.2 2.2 2.4 3.1 
PBGCOUINEG rns cates « 2.8 4.6 4.6 5.0 
PL EY Puoplialig a nee) cee 14 1.6 1.4 Le | 
7.4 


SLIT Gere, ees ee es ee ree AD 6.6 6.9 


TABLE 27. SUMMARY OF AVERAGE MINIMUM REQUIREMENTS FOR THE FAO REFERENCE 
PROTEIN IN Heauruy INDIVIDUALS 


Approximate grams of protein 
per kilogram body weight 
Infants: 


WP tors snOnths cc Vey ee Gee Ne teen eae es 2.0 
PIE Or MON Ua aw. las ae a eee ete bie ea eee 15 
peter A syeare Saou 2 0; Cae uch Gre eter eur eee 1.2 
Children: 
EULER Oe aed hesitate ck oe ole corer ie eee a eee Decreasing from 1.2-0.8 
OG 10 Sirs irae ne lek ie paeerr ek eka ve ee ee 0.8 
LU GOR LG (Dye) ag eer cas 2 earn oe ena ee eee 0.8-0.9 
AU Reet. (pita): oes Gs ace 0.8-0.9 
UD tO.c1o oe ae SE ee ree Te ee 0.385-0.4 
PNULEG IS ec aches blecned s Sete ree ae ee 0.35 
Pregnant WOMEN. «1... eee eee e eee eeeeeeeeseeessss 0.35; add 10 Gm protein/day 
Lisetating womienigivs Moccasin eee 0.35; add 30 Gm protein/day 


Nore: Hard physical labor calls for an additional initial temporary protein allowance. 
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The data on average, normal nutritional needs presented in this 
chapter should thus be regarded with certain reservations when they are 
applied to any one individual. Nutritional standards and recommended 
allowances are working tools to express the nutritional requirements 
of what is hoped to be the greatest number of healthy individuals in 
given population groups. Probably no one is more aware of the wide 
variation in individual nutritional requirements than the workers who 
have set these standards. The danger lies in too strict an interpretation 
of such working formulas by physicians and nutritionists who apply 
them to the individual in their daily work. 

It is often taken for granted that the human population is made up of 
individuals who exhibit average physiologic requirements and that a 
minor proportion of this population is composed of those whose re- 
quirements may be considered to deviate excessively. Actually there is 
little justification in nutritional thinking for the concept that a representa- 
tive prototype of Homo sapiens is one who has average requirements 
with respect to all essential nutrients and thus exhibits no unusually high 
or low needs. In the light of contemporary genetic and physiologic know]- 
edge and the statistical interpretations thereof, the typical individual 
is more likely to be one who has average needs with respect to many 
nutrients but who also exhibits some nutritional requirements for a few 
essential nutrients which are far from average. 

If the range in individual nutritional requirements were relatively 
small (e.g., 20 to 50 per cent), the individual biologic variation could 
be adequately compensated for by setting uniformly higher standards— 
the average plus 50 per cent for good measure. However, the range 
may be of the order of three-fold with respect to some nutrients, and 
even greater ranges have been reported. In the case of ascorbic acid, daily 
intakes varying anywhere from 0.6 to 2.85 milligrams per kilogram of 
body weight may be needed to produce tissue saturation (this does not 
imply that protection from scurvy is related in the same manner). 
Synthesis of thiamine and vitamin By» by intestinal organisms varies con- 
siderably from individual to individual and may influence the respective 
individual dietary requirements. Thus some subjects may develop clinical 
thiamine deficiency on an experimental diet after a few weeks, while 
others will remain asymptomatic and excrete thiamine in their feces. 

After a test dose of tryptophan, some infants require three to four 
times as much pyridoxine as others to prevent excessive excretion of 
xanthurenic acid. That these infants develop clinical pyridoxine deficiency 
on a restricted vitamin B, intake while others do not was inadvertently 
demonstrated in the not-so-distant past. In 1951 there was a widespread 
oceurrence of convulsions of unknown origin among infants in the 
United States. The etiology was eventually traced to a widely used 
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proprietary milk formula which had become deficient in pyridoxine as 
the result of changes in the sterilization process. There is no doubt that 
at the time literally tens of thousands of infants subsisted on this formula 
exclusively. Nevertheless, not all these babies reacted to this vitamin Bs 
deprivation. A large proportion of this group undoubtedly exhibited 
subclinical symptoms which never came to medical attention, such as 
restlessness and irritability and excessive crying, which were being 
blamed on “colic” and passing unhappiness. A lesser percentage showed 
clinical symptoms, and a still smaller group became very acutely ill. 
Subsequent follow-up studies showed that some of the infants who had 
gotten into acute trouble had unusually high, genetically conditioned 
pyridoxine requirements. 

Large numbers of individuals are not required to demonstrate biologic 
variance; the same long-term experimental diet administered to three 
volunteers may induce niacin deficiency symptoms in one subject and 
equivocal symptomatology in another, while leaving the third subject 
asymptomatic. Because of a variety of factors, including such variability, 
some individuals reach a healthy old age while disregarding the maxims 
of good nutrition which apply to the majority of the population. Such 
individuals may have unusually low requirements for some essential 
nutrients, coupled with a high demand for other crucial nutrients which 
abound in the foods of their preference. Other individuals constitute the 
antithesis of this group, and it is they who require special attention. 
The onus is on the physician and the nutritionist to be on the lookout 
for mute cases of malnutrition of a type based on the individual's genet- 
ically and/or physiologically induced specific high nutritional demands, 
even though the particular patient may consume what appears to be an 
average diet supplying average nutritional needs. 


CHAPTER 14 


THE NUTRITIONAL CHARACTERISTICS 
OF MAJOR FOOD GROUPS 


Knowledge of the nutritive value of foods is essential if scientifically 
established dietary standards are to be translated into applicable, practical 
information for the qualitative and quantitative selection of the diet. 
In discussing the nutritive composition of specific foods or food groups, 
it is necessary to talk in terms of representative average values. Foods, 
being of biologic origin, are subject to considerable variations in com- 
position as the result of genetic and climatic factors; before being con- 
sumed, they are exposed to storage, cooking, and processing conditions 
which may have a bearing on their nutritional contribution. The modi- 
fying influence of technological practices is discussed separately in Chap. 
41. The present discussion will deal primarily with the inherent basic 
nutritive characteristics of specific common foods and food groups. 
Detailed information concerning the composition of individual foods— 
raw, cooked, canned, or frozen—is assembled in convenient form in the 
tables in the Appendix. To obtain a maximum of benefit, the reader is 
urged to acquaint himself with the entire contents of the Appendix, 
which constitutes an introduction to and a commentary on these tables. 


Meat, Poultry, and Fish 


Meat. Probably the most important contribution of meat to the human 
diet is protein, practically all of which is of high biologic quality. The 
proteins of meat are surpassed in quality only by those of milk and eggs. 
In general, meat contains about 20 to 23 per cent protein, a variable 
amount of fat and lesser constituents, and about 60 per cent water. 
Muscle meats are consumed in much larger quantities than organ meats, 
though, on the whole, the latter are nutritionally superior. The amount 
of fat in meats varies with the nutritional state of the animal and the 
extent of trimming and method of preparation of the meat. In most 
meats, the fat occurs in distinct tissue layers and can be easily trimmed 
off; on the other hand, pork fat is interspersed throughout the muscle 
fibers in minute amounts, making it difficult to separate. On the basis 
of its higher fat content, pork is more slowly digested. 

In addition to protein, muscle meat contributes variable amounts of 
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thiamine and riboflavin, moderate amounts of iron, and generous quan- 
tities of niacin and phosphorus. The organ meats, particularly liver and 
kidney, furnish proteins of a very high quality, generous quantities of 
practically all the B complex vitamins, iron, phosphorus, copper, and 
other trace minerals, and even moderate amounts of ascorbic acid; and in 
addition, liver contains very large quantities of vitamin A. Organ meats 
combine comparatively low cost with a highly desirable nutritive com- 
position; it is unfortunate that they are not accorded more dietary recog- 
nition in the United States. 

Except for pork, which is characterized by a higher fat content and 
by a high level of thiamine, the nutritive value of most edible meats is 
similar. Beef, veal, pork, mutton, lamb, goat, and game are equally 
desirable from the standpoint of their nutritional contribution. 

Poultry. Poultry meat does not differ materially from other meats. Chick- 
ens, turkeys, ducks, geese, and game birds make approximately similar 
nutritive contributions to the diet. Goose and duck meat contain more 
fat than other poultry and are, on this basis, somewhat less readily 
digested by some individuals. The white and dark meat of poultry are 
similar in composition; on the average, white meat contains somewhat 
more niacin and less fat. 

Fish and Other Sea Foods. From the standpoint of nutrition, fish does 
not differ markedly from other meats. On the whole, it contains more 
water and less fat, but its proteins are of a similar desirable quality as 
those of other animals. Oysters and other sea foods—crabs, lobsters, and 
shrimp—fall into the same category. Sea foods are as readily digested as 
other meats. Crabs and fat fish (salmon, herring, shad) rank in digesti- 
bility with fat meat and poultry (pork, goose), and lean sea food (cod, 
clams) is as easily and quickly utilized as lean beef. 





Milk and Milk Products 


Milk is distinguished by the high quality of its proteins and its high 
content of calcium and phosphorus. It is also a good source of riboflavin 
and vitamin A and supplies generous quantities of lactose and readily 
digested milk fat. The fact that it contains most essential nutrients 
(especially proteins, calcium, and riboflavin) makes it indispensable to 
the infant and highly desirable to the growing child and the pregnant 
and lactating woman. 

The major protein of milk is casein; lesser amounts of lactalbumin and 
lactoglobulin are also present. The casein found in the milk of most 
warm blooded animals is similar, if not identical; the lactalbumin and 
lactoglobulin are, however, species-specific and differ in the composition 
and immunologic properties. Cow’s milk is poor in iron and vitamin C 
and cannot be relied upon to supply these essentials. The vitamin A 
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content of milk varies with the feed of the cow; the vitamin D content 
of nonenriched milk varies with the availability of sunlight and is greater 
in the summer months. 

Much of the nutritional excellence of fresh, whole fluid milk is also 
found in evaporated and powdered milk. Fat-free skim milk is practically 
as desirable (especially if the vitamin A and D content is restored ), 
and skim milk powder is the most economical source of good protein, 
calcium, and phosphorus. 

Cheese contains all the casein and some of the albumin and minerals 
of the milk from which it is derived. When made from whole milk, it 
also contains the original butterfat. It is a highly nutritious, economical 
food and a desirable form of milk protein, calcium, and phosphorus for 
those who do not care to drink fluid milk. (About 1% ounces of cured 
cheese—not cottage cheese—may be substituted for 8 ounces of fluid 
milk in diets calling for a relatively high consumption of the latter. ) 


Eggs 


The average hen’s egg contains roughly 13 per cent protein and 12 
per cent fat. Eggs contain very little carbohydrates, which is no detraction 
since these are supplied by almost any other food. Egg proteins, both 
the albumin of the white and vitellin of the yolk, are of the highest 
quality. The fat of the egg is finely emulsified and easily assimilated. 
The egg yolk is more nutritious than the white; it contains most of the 
vitamins, minerals, and fat. Egg yolk is very rich in vitamin A, phosphorus, 
and iron; it also contains liberal amounts of thiamine and vitamin D, 
while the egg white is a rich source of riboflavin. 

Eggs, like milk, are easily digested; the proteins are about 98 per cent 
absorbed, and the figure for the utilization of the fatty fraction is of a 
similar order of magnitude. 


Cereals and Cereal Products 


Cereal grains are the backbone of man’s food supply, be it in their 
original form or in the form of flour, bread, or noodles. Quantitatively, 
on a world-wide scale, rice is probably the most important grain; wheat 
and corn also figure very largely as mainstays of national diets, followed 
by rye, barley, millet, and oats. The common grains have a roughly similar 
composition. They contain from 7 to 14 per cent protein and 75 per cent 
carbohydrate. The proteins are of low biologic value; however, when 
supplemented with simultaneously consumed proteins of a better quality 
they are capable of supplying man’s protein requirement (Chap. 7). 

The vitamin and mineral constituents of grains are held mostly in 
the outer layers of the kernel or in the embryo (“germ”). Since much of 
this is lost in the process of milling, phosphorus remains the major 
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mineral contribution of most grains. Enrichment of flour as practiced 
today restores thiamine, riboflavin, niacin, and iron to the grain and is 
a laudable procedure which deserves to be extended to every corner of 
the world. There is no doubt that the mandatory enrichment of flour in 
the states and countries where it is practiced has contributed materially 
to higher standards of nutrition and health. 

The enrichment of many breakfast cereals and of precooked infant 
cereals has become a standard procedure in the food industry. In the 
United States, these precooked infant cereals supply the bulk of the 
highly needed dietary iron of infants, as well as much of their thiamine 
and niacin intake. Enrichment of wheat flour, corn meal, and grits with 
niacin (as well as thiamine, riboflavin, and iron) has aided considerably 
in reducing the incidence of pellagra in the Southern states. Recently, 
a program of rice enrichment was started, both in the United States 
and abroad. This is an important factor in the eradication of beriberi, 
still a significant problem in many parts of the world. In food planning 
and preparation, whole-grain or enriched cereals and cereal products 
should always be given preference. 


Vegetables 


Roots and Tubers. The white potato makes up an important part 
of the diet of man both in Europe and North America, and its nutritive 
value is consequently of importance. It contains about 20 per cent 
carbohydrate—mostly starch—and 2 per cent protein. The protein, though 
relatively scanty, is of high biologic value. The white potato is primarily 
an energy-yielding food; it is low in fiber and highly digestible. It con- 
tains a fair amount of vitamin C, which is preserved best in whole 
potatoes, cooked or baked in their skins. White potatoes also supply 
generous amounts of potassium and small quantities of thiamine and 
iron. 

Sweet potatoes, though actually unrelated, have a composition similar 
to the common white potato. They are richer in carbohydrates and are 
noteworthy for their high carotene (provitamin A) content. 

Carrots are of value primarily because of the large quantity of carotene 
which they contain. Beets and turnips are carbohydrate-rich foods; their 
leaves, however, contribute generous amounts of minerals and vitamins, 
including ascorbic acid. 

Leafy Vegetables. In the amounts commonly consumed, leafy vege- 
tables are not important energy-yielding foods; however, their less 
digestible carbohydrates (hemicelluloses and cellulose fiber) provide 
an abundance of roughage, which is an important component of a normal 
diet. Their protein is generally of high quality, though not abundant in 
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quantity. The value of leafy vegetables lies primarily in their vitamin 
and mineral content. Most vegetable leaves are rich sources of pro- 
vitamin A and good sources of iron, calcium, riboflavin, and folic acid. 
The greener the leaf, the higher the carotene content. Carotene from 
leafy vegetables is more readily absorbed and utilized than that from 
yellow ones. Fresh vegetable leaves are also good sources of vitamin C; 
unfortunately much of this ascorbic acid is often lost before consumption 
_ through oxidation and leaching during preparation. Though little carotene 
is lost in cooking, portions of the water soluble vitamins and appreciable 
quantities of iron, magnesium, and phosphorus may be lost if the cook- 
ing water of leafy vegetables is discarded. 

Tomatoes. Though generally regarded as a vegetable, the tomato is 
really a fruit; it is outstanding because of its generous provitamin A and 
vitamin C content. When canned, tomatoes and tomato products tend 
to retain their vitamin C better than other vegetables, which makes 
them particularly useful. 

Legumes. Dry legume seeds, such as beans, peas, and lentils, contain 
approximately twice as much protein as the cereals and almost as much 
- carbohydrate. Though of a somewhat higher quality then cereal pro- 
teins, most legume proteins are still incomplete proteins which are best 
supplemented with concurrently consumed higher quality proteins (such 
as found in cheese or meat). Beans are noteworthy as an inexpensive 
protein food. As a rule, most legumes are good sources of thiamine and 
contribute moderate amounts of riboflavin and niacin. They also contain 
significant quantities of phosphorus and iron and lesser amounts of 
calcium. 

Soybeans (and soybean flour) are outstanding because of their very 
high protein content and the high biologic quality of this protein. They 
are also a good source of calcium and iron and contain more fat than 
most other legumes. 

The digestibility of legume proteins is somewhat less than that of 
animal proteins; on the average, about 90 per cent is utilized—still a 
highly respectable figure. 

Peanuts resemble other legumes in composition, except for their high 
fat content. They are also characterized by high niacin values. 


Nuts 


As a rule, most edible nuts contain less carbohydrate than legumes 
and are rich in protein and very rich in fat. They contain fair to generous 
amounts of thiamine, riboflavin, and niacin and represent good sources 
of iron and phosphorus. The proteins of nuts have a biologic value similar 
to the legumes (soybeans excepted). The digestibility of nuts is rather 
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low, primarily because of their compact physical state. Thorough mas- 
tication (or grinding, as in the case of peanut butter ) considerably in- 
creases the utilization of the nutrients which they contain. 


Fruits 


Ordinarily, fruits do not contribute important quantities of calories 
or proteins to the diet. They are valuable because of the vitamins and 
minerals which they contain, as well as for their bulkiness and laxative 
properties. 

The citrus fruits are distinguished by their high ascorbic acid content. 
Orange juice, for example, is given routinely to infants for the prevention 
of scurvy. Fresh berries are also valuable for their vitamin C content. 
Bananas, apricots, and peaches contribute varying amounts of provitamin 
A and vitamin C. Apples are primarily beneficial because of the roughage 
and bulk which they impart to the diet. In addition to bulk, figs and 
prunes contribute their specific water soluble laxative factors; they are 
helpful adjuncts in geriatric and pregnancy diets. Practically all dried 
fruits are rich in minerals (and some in vitamin A and riboflavin); this 
nutritive wealth is best judged in the light of the individual's capacity 
to consume these highly concentrated fruits. Reconstituted, stewed dried 
fruits have, on the average, somewhat less nutritive value than their 
fresh counterparts. 


Fats and Oils 


The fats and oils are primarily sources of energy and, to a varying 
degree, of the essential fatty acids and fat soluble vitamins (Chap. 9). 
The fish oils, butter, and fortified margarine contribute vitamins A and D. 
Corn oil, cottonseed oil, and soybean oil are significant sources of linoleic 
acid, the main essential fatty acid. With the exception of the fish oils, 
most of the common animal fats serve largely to bolster the caloric value, 
flavor, and satiety value of the diet. 


Sugars and Sweets 


In the quantities usually consumed, sugars, sirups, honey, molasses, 
and most jams and jellies contribute calories to the diet and very few 
other incidental nutrients. Unrefined dark cane molasses is a rich source 
of calcium and iron. However, today this product has little dietary sig- 
nificance since it is used very little and since primarily refined molasses 
is marketed in the modern grocery store or the supermarket. 

As in the case of many fats, excessive consumption of sugars is dis- 


advantageous inasmuch as it leads to a smaller consumption of nutrition- 
ally more desirable foods, 
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Miscellaneous Food Items 


Salt. Sodium chloride is not merely a condiment, it is a dietary necessity 
since natural foods do not supply enough chloride and sodium to meet 
the body’s requirements under all conditions. Excessive consumption of 
salt is inadvisable, especially in cardiovascular or renal disease where 
there is inadequate excretion of salt in the urine; in these cases incom- 
plete sodium clearance leads to water retention in the tissues. For rea- 
sons outlined in Chap. 12, iodized salt is the preferred variety. 

Coffee and Tea. When consumed without the addition of sugar, milk, 
or cream, neither beverage contributes nutrients to the dietary, except 
for coffee, which contains varying amounts of niacin, depending on the 
degree of roasting which the coffee bean has undergone. One eight ounce 
cup of coffee (medium roast) contributes about one-tenth of the daily 
requirement of niacin. 

Alcoholic Beverages. Ethyl] alcohol is readily oxidized in the body to 
yield calories. In contrast to carbohydrates or fats, alcohol yields 7 calories 
per oxidized gram; it is metabolized at a steady rate which is not accel- 
erated by exercise. Not all ingested alcohol is oxidized, a portion is 
excreted as such by the lung and kidney. 

Aside from the more obvious considerations, a large consumption of 
alcohol is undesirable inasmuch as in some individuals it leads to an 
excessive caloric intake from the alcohol and associated calorie-yielding 
ingredients (carbohydrates of beer or sweet wines); in others it may 
lead to a smaller consumption of nutritionally more desirable foods, 
either indirectly because the caloric requirement is already met by the 
alcoholic beverage or directly, in the problem drinker, through deteriora- 
tion of habits and outright neglect. In the feeding of the elderly and of 
debilitated patients, small amounts of alcoholic beverages before a major 
meal serve to stimulate the appetite and to relax the anxious. They are 
also said to exert a desirable, vasodilating effect in the elderly border- 
line cardiac patient before the additional circulatory burden, associated 
with the digestion of a large meal, is placed on his heart. 


CHAPTER I5 


THE NORMAL ADULT DIET 


Given the freedom of choice and left to his own devices, the average, 
normal adult can be relied upon to consume sufficient food and drink 
to meet his energy and fluid requirements. He may, indeed, choose a 
well-balanced diet which satisfies all needs for essential nutrients. On the 
other hand, influenced by custom and dietary prejudices (and at times 
fad diets), beset by economic limitations, and guided largely by his taste 
buds and his olfactory sense, he may not arrive at a satisfactory choice 
of diet. Foods which are good sources of essential nutrients (protective 
foods) are not always the easiest to prepare, the least expensive, or the 
most appealing to the sense of taste; many of them might be neglected 
were it not for educational efforts designed to influence the food choice 
of the population with a view to ensure a maximal level of health, in so 
far as that can be done through good nutrition. 


Food Selection through Food Groups 


In the United States, a widely accepted pattern of food selection is 
based on a system whereby the desirable foods are grouped together on 
the basis of similar nutritive composition. It is then quite easy and 
practical to formulate a diet by specifying the number of servings from 
each group which should be eaten each day. Until recently, since World 
War II, the system of the “seven basic food groups” was used by most 
workers in the field of public health and nutrition. Under this system, 
seven basic food groups were recognized: (1) green leafy and yellow 
vegetables; (2) citrus fruits, tomatoes, raw cabbage; (3) potatoes, other 
vegetables, other fruits; (4) dairy foods; (5) meats; (6) bread and cereals; 
and (7) butter and margarine. A number of daily servings of each group 
were specified to provide a nutritionally adequate diet. 

Recently, the Agricultural Research Service of the U.S. Department 
of Agriculture has developed and published a new food plan which is 
organized around four basic food groups. The following are the suggested 
food intakes: 
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Daily Meal Plan 


MILK GROUP: 


x ee sa. + 8 to 4 cups 

Teen-agers OF Pre ee PS Me a Dy 94) OF more cps 
ewes i fk a, 6. |} OF more cups 
Pregnant women. . . . . . . . +. 4 or more cups 
Nursing mothers. . . . . . . . +. 6 or more cups 


Cheese and ice cream can replace part of the milk. 


MEAT GROUP: 2 or more servings: 


Beef, veal, pork, lamb, poultry, fish, eggs, with dry beans, peas, and 
nuts as alternatives 


VEGETABLE-FRUIT GROUP: 4 or more servings, including: 
A dark green or deep yellow vegetable (important for vitamin A) 
at least every other day 

A citrus fruit or other fruit or vegetable (important for vitamin C) 
daily 


Other fruits and vegetables including potatoes 


BREAD-CEREAL GROUP: 4 or more servings: 
Bread or cereals—whole grain, enriched, restored 


The milk group is relied on to provide most of the calcium require- 
ment, as well as a good contribution of high quality protein, riboflavin, and 
other nutrients. The meat group provides protein, iron, thiamine, riboflavin, 
and niacin. The alternative protein rich foods listed supply proteins of 
lower quality which should be supplemented with animal proteins con- 
sumed at the same meal. The vegetable-fruit group is an important source 
of vitamins and minerals (particularly vitamins A and C). The enriched 
bread-cereal group is counted on to provide thiamine, niacin, iron, and 
protein (the latter is of low quality, to be improved by simultaneous 
supplementation with animal proteins ). 

In any ordinary diet, fats, oils, sugars, and unenriched cereal derivatives 
are usually combined with the specific foods mentioned. They will be 
eaten to satisfy the appetite and will round out the caloric requirements. 
It should be noted that these recommendations make no expressed 
provision for an adequate supply of iodine or vitamin D. 

Another easy-to-follow (and more specific) dietary pattern on which 
to base the daily food intake is a slight modification of Canada’s food 
rules: 
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Daily Meal Plan 


MILK: 
Children (up to about 12 years) At least 1 1: 
Adolescents . At least 1% pt 


Adults’... 2 4 Oe eee ore oe At least 1 pt 
Expectant or nursing mothers : ] qt or more 
Other milk products may be substituted at times; 14% oz cured cheese 
or 2-3 large scoops of ice cream may be counted as 1 cup of milk. 


MEAT, FISH, AND POULTRY: 
1 large serving. This may be alternated with eggs or cheese, and 
dried peas, beans, or lentils. 


Use liver frequently. 
EGGS, in addition, at least three times a week. 


FRUIT: 
1 serving of citrus fruit or tomatoes (or their juices) and 1 serving 
of other fruit. 


VEGETABLES: 
At least 2 servings of vegetables, preferably dark green leafy or deep 
yellow; and 1 serving of potatoes at times. 


CEREALS AND BREAD: 

1 serving of enriched or whole-grain cereal, and 2 to 4 slices of en- 
riched or whole-grained bread. Noodles and rice may be used as 
alternatives to the above. 


FLUIDS: 
For most people, 4-8 cups (1-2 qt) total fluids each day. 


ADDITIONAL FOODS: 

As needed to supply caloric value and to make meals palatable. 
(Note: Use iodized salt exclusively. All growing persons and ex- 
pectant and nursing mothers require 400 I.U. vitamin D daily.) 


Ordinarily, at least three meals should be eaten each day. More 
frequent feedings may be adopted if desired. The division of food among 
the various meals is immaterial, except that the principle of mutual 
supplementation of incomplete and complete proteins should be upheld, 
so that foods supplying low quality proteins should always be consumed 
concurrently with some source of proteins of high quality. Breakfast 
should be a substantial meal; it should never be skimpy since it follows 
a prolonged period of fasting. Experience has shown that mere coffee- 
and-doughnut breakfasts, or outright abstention from breakfast, leads 
to a decreased attention span and working efficiency in the late morning 
hours. 

Both meal plans are basically similar inasmuch as they concentrate 
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their attention on the protective foods, and when followed, both will 
ensure an adequate intake of all essential nutrients. The total caloric 
value of either plan is actually low for a physically moderately active 
adult, unless additional foods are included of the type which conven- 
tionally serves to make meals palatable—such as butter, margarine, jams, 
sweetening for beverages, and the like. Individuals can make an upward 
adjustment of their total caloric intake to meet higher energy require- 
ments by consuming larger portions and by the inclusion of additional 
food items. 


Sample Menus 


(Inexpensive and Light) 


BREAKFAST 

Enriched breakfast cereal with glass of milk and sugar 
Oranges (or orange juice ) 

Toast, enriched margarine, jelly 

Coffee or tea optional 


LUNCH: 

Chicken soup 

Macaroni and cheese (or egg or cheese sandwich) 
Sliced tomatoes 

Fruit 

Beverage 

DINNER: 

Hamburger steak 

Baked potato 

(Or a large serving of beef stew) 
Mixed green salad or green vegetable 
Bread, margarine 

Ice cream or pudding 

Beverage 


BEDTIME SNACK: 
Fruit and cookies; or cheese and crackers 


(Elaborate and Hearty ) 


BREAKFAST: 

Eggs (2) 

Ham or sausage 

Grapefruit sections 

Toast, butter, marmalade 

Enriched breakfast cereal with milk and sugar 
Coffee or tea 
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LUNCH: 
Tomato soup and crackers 

Grated carrot-raisin salad 

Chicken stew with dumplings 

Hot biscuits, butter 

Honeydew melon with lime 

Beverage 

DINNER: 

Consommé 

Pineapple-avocado-cottage cheese salad 
Lamb chops 

Baked potato 

Broccoli spears, mustard sauce 

Hot breads, butter 

Ice cream 

Beverage 


BEDTIME SNACK: 
Chocolate milk and graham crackers; or cheese and crackers 


Flexibility and Adaptability 

It is important to recognize that adequate nutrition may be achieved 
by a variety of dietary patterns and that no one formula is correct to the 
exclusion of others. The meal patterns mentioned above are easily 
adapted to most North American and western European palates, living 
standards, and religious customs. These patterns may even be adapted 
for use by vegetarians, provided eggs, milk, and cheese are substituted 
for the meat items. 

Nevertheless, a word of caution is indicated lest these patterns be 
used to abet rigid thinking on the part of the nutritionist. Dietary recom- 
mendations must be flexible enough to accommodate regional and social 
gastronomic customs and still provide the nutritional essentials. In Iceland 
the American’s beef may have to yield to mutton, while in.Japan smoked 
fish may take its place; a fisherman on the coast of Norway may think 
that herrings and potatoes make the best staple diet, while the Iowa 
farmer might like potatoes well enough but would draw the line at the 
herring. The economics of food selection are equally powerful: where 
citrus fruit is economically unfeasible as a source of vitamin C, an 
adequate supply of ascorbic acid may have to be sought in more available 
foods, be it potatoes, tomatoes, Brussels sprouts, or turnip greens. Thus 
the diet selected is likely to vary from family to family and region to 
region, and the major valid criterion of judgment should be the com- 
pleteness with which it satisfies the nutritive requirements, 


CHAPTER I6 


NUTRITION IN PREGNANCY 
AND LACTATION 


Pregnancy is probably the greatest physiologic stress and the most com- 
mon major alteration of the normal biologic life processes to which the 
human female is subjected during her lifetime. Because of the demands 
of the growing fetus and physiologic and metabolic changes which take 
place in the mother, different nutritional requirements apply to this 
period and to the subsequent period of lactation. However, contrary 
to often-repeated fallacies, these changed requirements do not call for 
“eating for two” or for an automatic loss of one’s figure or of a “tooth 
for each baby,” nor are pernicious vomiting or bizarre appetites an es- 
sential part of the clinical or nutritional picture. 


Nutritional Status and Pregnancy 


The relation of the nutritional status of the mother to the course of 
the pregnancy and to the health of the infant have been the subject of 
much study. According to several studies, largely conducted before 
World War I, there are fewer stillbirths, premature births, toxemias of 
pregnancy, and illnesses in the newborn infant if the mother has con- 
sumed an optimal diet before her pregnancy and during gestation. Not 
all studies on the subject exhibit such a positive relationship. Famine 
conditions during World War II in Holland and the siege of Leningrad 
led to the well-documented observation that severe undernutrition in 
terms of total calories also significantly reduces the birth weight of the 
full-term infant and decreases his length markedly, though not to an 
equal degree. Poor prenatal maternal nutrition is also reflected in low 
vitamin and mineral stores in the newborn. Infants of anemic mothers 
are frequently born with a subnormal iron endowment, while infants 
born to mothers treated with oral iron during pregnancy exhibit higher 
serum iron values than control groups. 

Probably the most common harmful nutritional aberration seen in 
pregnant women in the United States is weight abnormalities. Markedly 
overweight women are more likely to develop preeclampsia or eclampsia 
than nonobese women. It is an interesting circumstance that the incidence 
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of preeclampsia in markedly underweight mothers is also significantly 
higher than among the average-weight group. 


Weight Gain in Pregnancy 


Normal pregnancy is associated with a weight gain of from 15 to 25 
pounds. This increase in weight is due to (1) the weight of the fetus, 
(2) the weight of the placenta, (3) the increase in maternal uterine and 
mammary tissues, and (4) water retention in the mother’s body, which 
may occur during the latter part of pregnancy. 

Normally there is only a slight weight gain during the first trimester; 
about 21 pounds out of a total average increment of 24 is usually gained 
during the second and third trimesters. Once the patient has been seen 
and has received definite instructions as to her diet, an almost uniform, 
gradual gain should take place. In selected cases, if the prospective 
mother is conspicuously overweight when she presents herself during 
the first trimester and if she is well supervised and cooperates intelligently, 
a somewhat decelerated weight gain may be achieved; this must be ac- 
complished on an adequate intake of all essential nutrients except for 
too generous a complement of calories. However, as a rule the period of 
gestation should not be chosen to reduce an overweight individual, and 
major weight adjustments should be made either before or after preg- 
nancy. 

The patient who is definitely underweight when she becomes pregnant 
and who fails to gain acceptably during the first (and later, second) tri- 
mester requires strict dietary attention. A subsequent excessive weight 
gain during the late second trimester or third trimester is undesirable 
since experience has shown it to be associated with a greater incidence 
of preeclampsia. It is also believed that in the case of the excessively 
underweight patient the pattern for premature labor is established early 
in pregnancy and that such patients can be significantly protected by 
an early metabolic and physiologic stabilization which should be re- 
flected by a steady increase in weight beginning in the first trimester. 


Maternal and Fetal Nutritional Requirements 


Protein. Normal pregnancy is associated with endocrine and metabolic 
changes which, among other phenomena, result in altered nutritional 
requirements. There is an increased secretion of the pituitary growth 
hormone and of the two sex hormones, estrogen and progesterone. In 
response, protein catabolism is curtailed, protein is spared, and the nitro- 
gen balance becomes positive. This is principally a mechanism to pro- 
vide a continuous supply of extra protein which the growing fetus re- 
quires for the synthesis of its tissues. Actually, the mother retains more 
protein than is required for the fetus or the enlarging placenta, uterus, or 
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breasts. The accumulation of excess protein in the maternal tissues may 
be regarded as an emergency reserve for use of the fetus in case of any 
possible future deprivation before delivery; it may also satisfy future 
protein needs during lactation. In view of the higher protein require- 
ment, the amount of protein in the pregnancy diet should be increased 
above normal adult levels. The Food and Nutrition Board (Table 22) 
recommends a daily intake of 78 grams of protein during the second 
half of pregnancy, an increase of 20 grams over the recommended normal 
intake. The Canadian Standards call for a similar increment (Table 24). 

A liberal protein intake is desirable throughout the entire period of 
pregnancy to compensate for any possible inadequate protein intake before 
conception and during the early weeks of pregnancy. The recommended 
daily protein intake during the subsequent period of lactation is 98 
grams, in keeping with the extra requirements imposed on the mother 
by the production of protein-containing breast milk and its continuous 
withdrawal by the infant. 

Calcium. As in the case of protein, an increased retention of calcium 
is required both for fetal bones and teeth and for storage in the maternal 
skeleton to satisfy future demands during lactation. Concurrent with 
the increased requirement for calcium, there is a hormonally mediated 
increase in the efficiency of absorption of dietary calcium. The Food 
and Nutrition Board’s recommendation of 1.5 grams of calcium per 
day satisfies the higher requirement during pregnancy. 

This allowance is increased to 2 grams during the period of active 
lactation when the mother loses substantial amounts of calcium in the 
breast milk. 

Iron. As in the case of calcium, iron storage takes place during preg- 
nancy and the absorption of dietary iron from the intestine becomes 
more efficient. Fetal demand alone does not account for all the stored 
iron; the iron reserves accumulated during pregnancy (over and above 
the iron utilized by the fetus for the synthesis of its own tissues) ap- 
proximate the quantity of iron required for the elaboration of breast 
milk during 9 months of lactation. The recommended intake of 15 milli- 
grams of dietary iron per day is adequate to supply the additional needs 
associated with pregnancy and lactation, and special iron supplements 
are seldom necessary. Adequacy of the diet with respect to all nutrients 
is essential for good utilization of the increased supply of dietary iron. 

Dilution of the maternal blood during pregnancy is part of the general 
retention of water in the body during the latter months of pregnancy. 
This hydremia is a normal and universal occurrence. The increase in 
plasma volume (an average of 10 to 15 per cent) is reflected in an 
“apparent anemia” since the hemoglobin concentration decreases in re- 
lation to the total blood volume, though there may not have been any 
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change in total maternal hemoglobin. Thus anemia should not be sus- 
pected unless the hemoglobin values have dropped below 80 per cent 
of normal. On the other hand, a microcytic, hypochromic anemia (Chap. 
33) may occur during pregnancy in women who had deficient iron stores 
before pregnancy and in whom the increased demands of this period 
have aggravated the severity of their deficiency. In such cases supple- 
mentary iron is indicated in addition to an iron-high dietary regimen. 

Another anemia of pregnancy, with macrocytic, megaloblastic charac- 
teristics, is discussed in Chap. 33. This disease is rare in the United 
States; it is usually associated with a lifelong marginal diet and responds 
to folic acid therapy. 

Iodine. During the second half of pregnancy, the basal metabolic rate 
may increase up to 23 per cent. This enhanced metabolism, associated 
with increased activity of the thyroid gland and secretion of thyroid 
hormone, augments the need for iodine throughout pregnancy. It is 
widely recognized that goiter is more likely to develop during preg- 
nancy. Consequently, the use of iodized salt, advisable during normal 
periods, must be strongly recommended throughout pregnancy, since few 
foods, except sea foods, can serve as adequate sources of iodine. If iodized 
salt is the only source of iodine and the physician restricts the intake of 
salt as a prophylaxis against the toxemias of pregnancy, a supplementary 
source of iodine is indicated. 

Calories. It is commonly agreed that the energy allowance should be 
increased during the latter part of pregnancy unless physical activity 
is severely curtailed. This is consistent with the increase in metabolism 
during this period and helps spare protein for use of the fetus and storage 
by the mother. This small increase in caloric intake is justified even in 
the case of the overweight pregnant woman. An extra allowance of 300 
calories per day is recommended by the Food and Nutrition Board late 
in pregnancy; the Canadian Standards call for an increment of 500 calories 
during the second half of the term. 

The extra allowance during the period of lactation is 1000 calories, 
which is ample to cover the increased requirements attendant to the 
active elaboration of milk. 

Vitamin Requirements. As yet, there is little precise information as to 
vitamin requirements during pregnancy and lactation. It is generally 
agreed, however, that hand in hand with an increased need for calories 
and for the specific nutrients mentioned, the vitamin requirements are 
increased. This increase is roughly proportionate to the caloric intake, 
hence the diet pattern need not change nor is special supplementation re- 
quired to meet the body’s needs. This normal adjustment is reflected in the 
recommended intakes in Tables 22 and 24. 

Vitamin D is necessary for the utilization of calcium and phosphorus 
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both by the fetus and the pregnant or lactating mother; thus a daily 
intake of 400 I.U. of the vitamin should be supplied, preferably by the 
diet (“vitamin D milk”). The possibility of vitamin K deficiency in the 
mother is normally not very likely. However, many newborn infants have 
low vitamin K stores and exhibit low prothrombin levels. The prophylactic 
administration of vitamin K to the mother in the last weeks of preg- 
nancy or just prior to the onset of labor is practiced to some extent, in an 
effort to improve the infant’s blood clotting performance. 


Dietary Recommendations in Pregnancy 


Except, perhaps, for vitamin D, the nutrient intakes discussed above 
and recommended by the United States and Canadian dietary standards 
can be achieved through the proper selection of foods and without the 
addition of special supplements. For maximal results, such an improve- 
ment in food intake should be instituted at the beginning of pregnancy. 
In women of known poor nutritional status or patients with a history of 
catastrophes during earlier pregnancies, this special dietary regimen is 
best begun well in advance of the onset of pregnancy. A well-chosen 
prenatal diet is a good means of educating the mother with respect to 
good general dietary practices and provides an excellent opportunity 
to change existing poor food habits. 

The pregnancy diet is basically a well-balanced ordinary diet, modi- 
fied through an emphasis on a higher animal protein intake and a de- 
crease in fat and carbohydrate foods. Each day the expectant mother 
should have about 1 quart of milk (this may be skim milk), one egg, 
and an ample serving of lean meat, fish, or poultry. Occasionally, less 
expensive protein foods like evaporated or dried skim milk, soybean 
flour, and beans or peas may be partially substituted to meet a tight 
family budget. Generous amounts of citrus fruits, tomatoes, and deep 
yellow and dark green leafy vegetables should be eaten daily; in addition 
to filling nutritional needs, the higher intake of fruits and vegetables 
tends to maintain normal bowel function and counteracts the tendency 
to constipation during pregnancy. (If needed, small amounts of stewed 
prunes or prune juice will promote easier elimination; laxatives should 
not be used except by the physician’s current advice.) The intake of 
butter, cream, margarine, or other fats, and noodles, pies, pastries, rich 
desserts, soft drinks, and sweets may be decreased. 

Foods known to cause digestive distress or gaseousness and alcoholic 
beverages, highly spiced foods, fried foods, “rich” gravies, and “heavy” 
desserts are best avoided. Excessive amounts of salt or salted foods are 
ill-advised, especially during the last 2 months of pregnancy. 

The fluid intake should be adequate. About 2 quarts of fluids (includ- 
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ing the daily milk ration) or more is indicated; this may take the form 
of water, fruit juices, soups, and coffee and tea in moderation. 

In an effort to avoid excessive weight gain, the total amount of food 
eaten during the first 4 months should be unchanged if the expectant 
mother has a normal body weight; however, it should be judiciously 
checked for adequate representation of protective foods in the dietary 
pattern. During the latter half of pregnancy the total intake may be 
increased to permit a gradual weight gain of about 2 pounds per week. 
If a well-controlled caloric intake is advisable, skim milk may be used 
instead of whole milk, and at this point the use of a vitamin D supple- 
ment should be considered, unless the skim milk is fortified with this 
vitamin. 

Five to six small meals are preferable to three large ones. As the enlarg- 
ing uterine mass begins to affect gastrointestinal capacity, gaseousness, 
indigestion, and “heartburn” are more effectively controlled by small 
frequent feedings. This is particularly indicated for the mother’s comfort 
during the last trimester. 

Frequent small meals also have a salutary effect on the tendency to 
morning nausea in early pregnancy. A morning snack of dry toast or 
crackers, well chewed and taken in bed 10 to 15 minutes before rising, 
is also often helpful. 


Meal Plan for Pregnancy 


MILK: 


1 qt/day, as a beverage or in foods (puddings, custards). 1% oz 
hard cheese may be substituted for 1 cup of milk. If caloric restric- 
tion is indicated, skim milk should be used. 


LEAN MEAT, SEA FOOD, OR POULTRY: 


Ito? servings per day. Liver or organ meats are recommended 
once a week, 


EGGS: 
1 per day. 


VEGETABLES: 


2 or more servings of dark green, leafy vegetables and deep yellow 


ones (or tomatoes) ; potatoes to be used in moderation. 


FRUITS: 


9 : i Be Se | ; . ae 
< or more servings pet day, one or more of citrus fruits and one or 


more of other fruits, with emphasis on vitamin C. 
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WHOLE-GRAIN OR ENRICHED CEREAL AND BREAD: 

1 small serving of cereal and 2 slices of bread suffice. Enriched 
noodles and rice to be used occasionally as alternatives to the above. 
BUTTER OR MARGARINE: 

In moderation; 2 to 3 pats suffice. 


A vitamin D supplement is desirable during the second half of 
pregnancy, especially in the fall and winter. lodized salt should be 
used. 


Sample Menu 


BREAKFAST: 


Grapefruit or orange 
Whole-grain cereal with milk 
Egg 

Buttered toast (1 slice) 
Beverage 


MIDMORNING SNACK: 
Milk 

Graham crackers (2) 
LUNCH: 


Tomato soup 

Liver sausage sandwich 
Cottage cheese—lettuce salad 
Fresh fruit (preferably citrus) 
Beverage 


MIDAFTERNOON: 
Chocolate milk 


DINNER: 

Beef pot roast 

String beans 

Small baked potato 

Raw carrot sticks 

Pudding or ice cream (small serving ) 
Beverage 

BEDTIME SNACK: 

Milk 

Cookie (1) 


Dietary Recommendations during Lactation 


The composition of human milk is more variable than is commonly 
appreciated, and the maternal diet is the principal determinant of its 
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qualitative and quantitative constitution. The nutritional requirements 
during lactation are shown in Tables 22 and 24. Except for two principal 
modifications, the pregnancy diet lends itself well to supplying the needs 
during the months of lactation since it emphasizes essential, protective 
foods. 

During lactation, the energy requirement increases considerably over 
the normal requirements, consistent with the caloric value of the milk 
secreted and the energy expenditure required for its elaboration. Thus 
additional cereals, bread, noodles, potatoes, and fats of the lactating 
mother’s choice should be included in the diet; the quantities used will 
vary in accordance with individual needs. There should be a reasonable 
intake of the essential fatty acids since their content in breast milk ap- 
pears to be dependent on dietary sources; hence the diet should include 
some unsaturated fats in addition to saturated fats (Chap. 9). 

An additional pint of milk, bringing the daily milk ration to 1% quarts, 
is often recommended and will satisfy the additional protein, calcium, 
phosphorus, and riboflavin needs, especially since the mother normally 
accumulates protein and calcium reserves during pregnancy which are 
utilized during the period of lactation. Liberal amounts of vegetables and 
fruits, especially citrus fruits, will take care of the increased vitamin A 
and ascorbic acid requirements. An increased fluid intake is also recom- 
mended because of its salutary effect on successful lactation. 


CHAPTER |7 
NUTRITION IN INFANCY 


In contrast with young animals, the human young take a seemingly infi. 
nite time to learn to feed themselves without outside help. For almost 
three years, the infant is at the mercy of his mother’s ability to provide 
and select his food. The first nine months of this period are spent in utero 
abstracting from the mother’s blood stream whatever nutrients are re- 
quired. If the mother’s diet is insufficient, her tissues may have to yield 
some of the missing nutrients, as in the case of calcium and phosphorus 
derived from the maternal skeleton. A number of neonatal defects may be 
attributed to defective prenatal maternal nutrition, such as a low fetal 
prothrombin level due to deficient maternal intake of vitamin K, or low 
iron stores and anemia due to iron deficit in the mother. Thus maternal 
nutrition affects the fetus long before it first encounters the perils of 
extrauterine life. 


Nutritional Needs in Infancy 


The recommended daily dietary allowances for infants 2 to 6 and 7 to 
12 months old are shown in Table 22. It may be useful, however, to 
elaborate on certain aspects of the infant’s nutritional needs here. 

Calories. The normal infant requires about 50 calories per pound per 
day. He will consume more during the first 6 months of life and some- 
what less toward the end of the first year. He will determine his own 
caloric intake by accepting or rejecting the breast, bottle, and his solid 
foods. 

Protein. A high protein intake is essential because of the rapid growth 
of the infant. During the first year a normal baby approximately triples 
his birth weight. Protein needs in early infancy are fully met by breast 
milk when its supply is adequate. Usual quantities consumed by nursing 
infants afford an intake of about 1.5 to 2.5 grams of protein per kilogram 
of body weight during the first 6 months of life. Allowances for the 
artificially fed infant may lie in the range of 2.5 to 3.5 grams of protein 
per kilogram from 2 to 6 months and 2.0 to 3.0 grams per kilogram 
during the remainder of the year. In current practice, diets furnishing 
3.5 grams of protein and more per kilogram are in common use. 

Fat. The infant appears to require small amounts of fat as a source 
of the essential fatty acids (Chap. 9). The amount of fat in the usual 
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intake of breast milk or cow’s milk formula fulfills this requirement. 
Quantities of fat greatly in excess of this are not well tolerated. . 

Carbohydrate. The daily requirement depends on the caloric needs. 
Formulas should not be overenriched with carbohydrates, in order to 
avoid satiating the infant before he has satisfied his other, more essential, 
basic nutritional needs. 

Water (in terms of total fluid intake). The infant has a relatively 
high fluid requirement. His obligatory water loss through the kidney 
and skin is great, and he is subject, far more than the adult, to pathologic 
water loss by way of vomiting and diarrhea. In infants symptoms of 
dehydration appear rapidly and may have quite serious consequences. 
Two and a half ounces of fluid per pound of body weight per day is 
adequate for the normal infant in a temperate climate. This may have 
to be increased in a hot climate or during the summer months. 

Calcium. About 35 milligrams per pound per day appears sufficient 
for adequate mineralization of teeth and bones. The breast-fed infant 
may receive less, while the bottle-fed baby may receive more (but 
mineralization is good in either case ). 

Phosphorus. A deficiency of this mineral is unlikely as long as sufficient 
breast milk is consumed ‘to satisfy the infant’s other nutritional require- 
ments. An excess is actually ingested with a similar quantity of undiluted 
cow’s milk. 

Iron. Neither breast milk nor cow’s milk satisfies the infant’s require- 
ment of 5 to 7 milligrams per day. If the mother’s prenatal diet was 
adequate with respect to iron, the infant will have been born with suf- 
ficient iron (chiefly in the form of circulating hemoglobin in his ery- 
throcytes) to last about 3 months. Since this is not always the case and 
since many infants walk a tightrope with regard to their iron requirement, 
contemporary pediatric custom adds a safe quantity of dietary iron in 
the form of iron-enriched special infant cereals, or in the form of foods 
naturally rich in iron (egg yolks, meats, green leafy vegetables). 

Vitamin D. Neither cow’s milk nor breast milk contains sufficient 
vitamin D to meet the’ daily requirement of 400 I.U. Practically all 
canned evaporated milk is fortified with vitamin D and supplies a mini- 
mum of this nutrient with the quantity of formula normally consumed. 
The daily allowance of vitamin D is best supplied by a special supple- 
ment, either in the form of cod-liver oil or by the multivitamin supplement 
which many pediatricians prescribe for their charges. 

Vitamin A. The recommended 1,500 I.U. is usually found in the daily 
quota of breast milk or formula. However, human and cow’s milk may 
fluctuate considerably in their vitamin A content, and it is helpful that 
most vitamin D supplements also contain a supplement of vitamin A. 
Once strained vegetables are fed, the infant will receive enough vitamin 
A from this source; the initial supplementation may be a wise precaution 
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for the very young infant (1 to 6 months of age) who may be exclusively 
milk fed because of maternal preference or habit. 

Ascorbic Acid. The recommended 30 milligrams may be obtained in 
the milk of a mother whose own diet is adequate with respect to vitamin 
C. Cow’s milk formula is deficient in vitamin C. It is safest to comple- 
ment the diet of the milk fed infant with orange juice or a similar source 
of ascorbic acid. 

Thiamine. Breast milk and cow’s milk formula supply somewhat less 
than the recommended allowance of 0.4 to 0.5 milligrams daily. Never- 
theless, the infant’s thiamine requirements appear to be adequately met, 
especially after early introduction of enriched cereals. Where thiamine 
deprivation is a factor in the nutrition of the mother, as in the rice 
eating regions of Southeast Asia, breast milk provides insufficient 
thiamine and a clinical deficiency in infants is not uncommon. 

Riboflavin and Niacin. The usual quota of breast milk and cow’s milk 
supplies the recommended allowance of 0.5 to 0.8 grams of riboflavin. 
What both sources lack in niacin is compensated for by the tryptophan 
which is contained in milk protein. The normal human organism con- 
stantly converts small amounts of this amino acid into niacin (Chap. 11). 

But for the exceptions noted above, the quantity of breast milk or 
cow's milk formula which satisfies the infant’s protein and caloric require- 
ments will ordinarily also meet all his other nutritional needs. 


Breast Feeding 


Breast feeding is generally the safest and most desirable method of 
nourishing a baby, and human breast milk may be considered the ideal 
starting food. With an adequate supply of human milk most of the 
nutritional requirements of the newborn are met, except for iron and 
vitamin D. Breast feeding should, however, not be relied on exclusively 
for optimal nutrition beyond the first semester of life. 

The prospective mother should be mentally prepared for her breast 
feeding task. Anticipation of her role as provider of her baby’s food 
will aid in making this undertaking successful. Beginning with the day 
after delivery, the infant is put to each breast for about 5 minutes every 
6 hours. At this point only small quantities of watery colostrum are 
available, and the infant should receive supplementary feedings of 5 to 
10 per cent sugar solution. This preliminary nursing stimulates milk 
production, and by the third day (or, in the case of a nervous mother, 
by the time she is in the privacy of her home and unharried by hospital 
schedules and attendants), a full supply of milk is ordinarily available. 
Once the secretion of milk has been established, the baby should be fed 
about every 4 hours—granted that sufficient milk is available at such 
intervals. The average nursing time is about 15 minutes; longer nursing 
sessions will usually not produce additional milk, but may predispose to 
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injury of the nipples. If possible, only one breast should be offered at 
each nursing; this facilitates complete emptying and stimulates lactation. 

Weighing the baby before and after nursing will establish the amount 
of milk consumed. Each ounce supplies about 22 calories, and the total 
amount should suffice to meet the infant’s daily caloric requirement. 

There are few contraindications to breast feeding. Nursing should not 
be attempted if the mother is not in good health. A past history of tuber- 
culosis also precludes breast feeding. The mother’s diet must be adequate, 
as described in Chap. 16. Freedom from emotional stress is another 
essential for successful nursing since psychologic upsets interfere with a 
normal “letting down” of the milk. Regularity of nursing and the com- 
plete emptying of the breast after each feeding help to maintain lactation 
on the desired level. If the maternal diet is adequate and the quantity 
of milk is sufficient, its composition may be assumed to be satisfactory 
as well. 

A normal weight gain of the infant and freedom from digestive upsets 
indicate that the breast feeding is successful. Poor nursing technique 
or insufficient elaboration of milk is indicated by a constantly hungry 
infant who fails to thrive. In the case of prolonged insufficient lactation, 
the maternal milk supply must be supplemented with bottle feeding 
and a gradual changeover to the bottle is indicated. The most frequent 
cause for early weaning from the breast is an inadequate milk supply—in 
many cases the result of inadequate emptying of the breasts several 
times daily. 

In the Western world, breast feeding past the first year is uncommon 
and most infants are nursed from 6 to 9 months. In the United States, 
few infants are nursed beyond the fourth month since solid foods are 
usually introduced before this time and weaning becomes desirable 
(in the United States, over half the infants are not nursed at all). 
Weaning is best done gradually, for the mother’s own comfort. Over a 
period of 2 to 3 weeks gradually one and then more breast feedings are 
replaced by a bottle until the infant is completely weaned. 

Beginning with the first month, breast-fed infants should receive 400 
units of vitamin D daily and, if not breast-fed, orange juice or a similar 
source of vitamin C, supplying 30 milligrams or more. Selected solid 
foods are usually started by the second or third month, and the pre- 
cooked infant cereals which are usually the first solids will supplement 
the infant’s iron and B vitamin intake. 


Artificial Feeding 


Breast feeding is a gratifying emotional experience for the mother 
and a source of desirable emotional gratification for the infant. It is 
also a rather safe method and entails less risk to the infant than artificial 
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feeding at the hands of a mother whose comprehension is limited and 
whose sanitary standards (as applied to preparation of a sterile infant 
formula) may not be adequate. In these two respects breast feeding is 
indeed the preferable method. However, given an understanding and 
willing mother, adequate initial guidance, and an acceptable supply 
of cow’s milk, the results of artificial feeding apparently equal those of 
breast feeding in most instances. 

A great simplification has taken place in bottle feeding in recent 
years. The introduction and gradual common acceptance of the terminal 
sterilization method—in which the filled bottle is subjected to boiling 
temperatures within a closed, covered vessel—not only assures adequate 
pasteurization and freedom from potential pathogenic bacteria, but also 
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improves the digestibility of the cow’s milk by decreasing its curd tension. 
(The curd of raw milk in an infant’s stomach is quite dense and plastic, 
whereas that of pasteurized milk is less so; boiled milk has a friable, 
soft curd, and canned evaporated milk, an even softer one. The softer 
the curd, the more easily it is digested. ) 

Table 28 outlines the respective composition of breast milk and cow s 
milk. As is readily seen, both are comparable in total fat content (not 
in fatty acid composition), but cow’s milk contains considerably more 
protein and ash and less carbohydrate than human milk. The concentra- 
tion of protein in breast milk is sufficient to meet the infant’s protein re- 
quirements. In the case of cow’s milk, the excess protein is metabolized 
for energy purposes. The higher protein content of cow's milk may put 
a rather high excretory load on the infant’s kidney, as it increases the 
water requirements for renal clearance of the relatively large amounts 
of resulting urea. There also seem to be greater incidence and severity 
of diaper rash among infants fed undiluted cow’s milk as compared 
with breast-fed babies (presumably since the urine of the former con- 
tains more urea and thus supports greater ammonia production by 
urea-forming bacteria in the diaper). Another advantage of breast milk 
is its higher concentration of amino polysaccharides, which play a 
significant role in stimulating a rapid development of a favorable micro- 
flora in the intestinal tract of infants. 

In general, in order to obtain a formula which resembles breast milk, 
it is the commonly accepted practice to dilute the cow’s milk used for 
the bottle formula of the very young infant in order to reduce its protein 
content and to make up the caloric deficit with a carbohydrate supple- 
ment. 


The Bottle Formula and Its Use 
The usual daily cow’s milk formula contains the following: 


% to 2 fl oz whole milk/Ib body weight 
1 oz sugar (as such, or in the form of sirups or dextrins) for 
each 10 oz milk used 


The total fluid requirement is 2% oz/Ib body weight, and the 
formula is diluted with water accordingly 


Evaporated milk is widely used in the preparation of formulas. It 
combines the advantages of constancy in composition, sterility, a readily 
digested fine curd, good keeping quality, and almost universal availa- 
bility. It can be used in the above formula as “whole milk” by recon- 
stitution with an equal amount of water. Sweetened condensed milk 


contains a disproportionately high amount of sugar and should not be 
used, 
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Different carbohydrates are used in the formula. The choice is usually 
made by the pediatrician. They have varying laxative effects from lactose 
on down through corn sirup, plain sugar, Dextri-Maltose, starch, and 
rice or barley flour. 

It is customary to prepare a 24-hour supply of formula at one time and 
to divide it into bottles according to the number of feedings. To assure 
freedom from pathogenic microorganisms, two methods of sterilization 
may be used. In one method the fluid mixture is boiled for three minutes 
and then poured into presterilized bottles which are capped and re- 
frigerated. In the simpler and more foolproof terminal sterilization 
method the formula is divided into clean bottles which are capped and 
then placed in a closed vessel, half-filled with boiling water. Boiling is 
continued for 25 minutes and the pasteurized bottles are then refrigerated. 

The number of feedings per day varies with the age of the infant. 
Initially, newborn babies are fed at 4-hour intervals. As soon as possible, 
the midnight feeding is discontinued; eventually the number of feedings 
decreases as the amount taken at each feeding increases and as solid 
foods are subsequently introduced. A fixed schedule is not essential, and 
though a measure of regularity is convenient for all concerned, spon- 
taneous “demand feeding” is popular and frequently used. A baby’s 
appetite varies from time to time, and there is no imperative rule that 
each prescribed bottle must be finished at each feeding. Conversely, 
there is no reason to withhold from a hungry infant quantities larger 
than those scheduled. 

Beginning with the second or third week, formula-fed infants should 
receive 400 units of vitamin D daily, as well as orange juice or a similar 
source of vitamin C, supplying 30 milligrams or more. 

The formula-fed infant may receive undiluted, boiled cow’s milk when 
the amount of milk in his formula reaches one quart. The amount of 
added carbohydrate and water is lessened gradually for several days 
before the changeover to straight milk takes place. It is important that 
the milk be boiled, both for digestibility and freedom from pathogenic 
organisms, until the infant is at least 6 months old; thereafter pasteurized 
milk may be used. Weaning to the cup should take place sometime before 
the end of the first year. 


Proprietary Preparations 


A number of premixed, concentrated proprietary formulas in liquid 
or powder form are available. Some of them simulate the composition of 
human milk: others are modified or unmodified mixtures of milk, sugars, 
and fats, with or without added minerals and vitamins. They are primarily 
characterized by convenience at an appropriate cost. A number of these 
proprietary formulas are specifically formulated to serve the infant who 
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is allergic to cow's milk. There is a definite need and use for this type 
of preparation. The problem of food allergy in infants and adults is 
discussed in detail in Chap. 38. 


Feeding the Premature Infant 


The premature infant presents a series of special problems. His reflexes 
are imperfectly developed, he has difficulty sucking or swallowing, and 
he often regurgitates and aspirates his food with dire consequences. 
His caloric and ascorbic acid requirements are quite high, and he absorbs 
fats and the fat soluble vitamins poorly. He possesses few nutritional 
reserves despite his higher basal metabolic requirements. Almost in- 
variably, the premature infant suffers some degree of anemia. This de- 
ficiency in iron stores combined with a relatively inactive bone marrow 
and concurrent rapid growth may be reflected in a further decline in 
hemoglobin levels after birth. 

Though in some places a medicine dropper is used, premature infants 
are preferably fed with the aid of a small rubber stomach tube or a 
polyethylene catheter which may be left in place between feedings. 
The nutritional program is the same as in the case of a full-term infant 
except for the following: the caloric intake should be increased to 55 to 
60 calories per pound body weight; the daily dose of ascorbic acid is in- 
creased to 70 milligram; the daily vitamin D intake may be increased 
to 800 I.U., though 400 I.U. appears sufficient. The milk protein intake 
may be adjusted to a higher level than is found in the usual artificial 
formula since premature infants retain more protein; and this may be 
taken as an indication that their protein requirement is greater. The 
inclusion of oral iron supplements in the formula does not seem to exert 
a marked salutary effect on the low hemoglobin level of the anemic 
premature infant. 


Introduction of Solid Foods 


There have been divergent trends with regard to the appropriate 
time at which solid foods should be introduced into an infant’s diet. It is 
generally agreed that they should not be given later than the third or 
fourth month to both breast fed or formula fed babies, since a prolonged, 
exclusive milk diet does not supply all the essential nutrients, particularly 
iron and the B vitamins. The conservative upper time limit of 3 to 4 
months is in great contrast to the contemporary trend of introducing 
selected solid infant foods between the first 6 to 8 weeks. (As far back 
as 1954 it was ascertained in a survey conducted by the Quarterly Review 
of Pediatrics that 66 per cent of some 2,000 responding pediatricians 
routinely began feeding solid foods before 8 weeks of age. ) 
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Digestion, absorption, and utilization of solid foods appear to be 
adequate even during the first days of life. Strained meat has been 
shown to be the equivalent of milk as a source of protein and is well 
tolerated by full-term and premature infants alike. An increased incidence 
of allergy has not been demonstrated in connection with the introduc- 
tion of solid foods in the early weeks of life. If a psychologic advantage 
is present in early feeding of solids, as has been claimed by some, it 
accrues primarily to the mother. Weakened by her recent delivery, 
harried by an older child, and beset with a demanding infant who is 
clamoring for his milk at 4-hour intervals throughout the night, she 
welcomes the wider spacing of feedings and the earlier cessation of 
midnight hunger which accompany the introduction of solids to the 
baby’s diet. The extreme point of view is represented by a group of 
physicians who begin the feeding of solid foods on the second or third 
day on a 6-hour schedule. According to this system, the first food offered 
is cereal, morning and night, followed by strained vegetables at 10 days 
of age. Strained meats are introduced at 14 days, and strained fruits at | 
17 days. Dropping the midnight feeding is advised at this point, and the 
infants continue henceforth on a three-meal schedule. 

Thus within the last three to four decades, the pendulum has swung 
from late introduction of solid food supplementation to its introduction 
in the first weeks and even days of life. The fact that infants seem to do 
equally well whether solids are introduced at once or at the end of 2 to 
3 months attests to the high adaptability of the baby to the whims of 
his caretakers, provided his nutritional requirements are met. 

There should be no time schedules for the feeding of certain foods 
at particular ages since it only seems to upset the mother if her baby 
does not follow them. The initial solid food is usually one of the pre- 
cooked infant cereals. Most infant cereals are enriched with iron and 
the major B vitamins, which is important since at this point the infant 
requires a generous allowance of iron and since cow’s milk supplies only 
a minimum of thiamine. 

It is easiest to adapt the infant to his first solids by offering him a 
semiliquid mixture of formula, or milk, and precooked cereal. After 
several feedings the consistency may be adjusted to a_ porridge-like 
quality. Once the baby has accepted one food, a second one may be 
conveniently added before the regular mealtime bottle. If a particular 
food is refused, another one should be substituted, and mothers should 
not persist in forcing a rejected food since this is one way in which 
feeding problems are started. Gradually a variety of foods are intro- 
duced, one at a time, and the infant becomes accustomed to different 
textures and flavors. Eventually the infant will receive solid foods before 
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all mealtime bottles, and the number of feedings is reduced to three, 
with milk snacks between meals as demanded by his individual re- 
quirements. 


The Widening Diet 


Next, after infant cereals, strained fruits and vegetables, strained egg 
yolks, and meats are usually added. (Egg white is commonly postponed 
until the end of the first year as a precaution against sensitization of an 
infant who has a latent predisposition to allergies.) As this variety of 
foods is introduced, feeding by appetite becomes the rule. Meats, eggs, 
vegetables, and fruits are essential foods for any age. A high intake of 
meat, eggs, vegetables, and fruit, in contrast to bread, noodles, potatoes, 
and desserts, should continue in order to encourage the development of 
desirable food habits as well as to supply needed nutrients. 

As teeth come in, the baby may be given crackers and toast to train 
him to chew his food. Once the infant is capable of chewing, minced or 
chopped foods (“junior foods”) serve as a mechanical transition form; 
their nutritive make-up is essentially the same as the previously eaten, 
mixed strained diet. By the eighteenth to twenty-fourth month, most 
infants are considered ready for a well-balanced “adult” diet (Chap. 15). 

Plotting a progressive growth record of the infant in terms of weight 
and height is an excellent means of determining the adequacy of his 
dietary intake as well as an aid in the clinical appraisal of his health. 
Tables 29 and 30 outline the range of weights and heights normally found 
at various ages in infancy. 

During the second year of life, the previously high rate of growth 
diminishes, the caloric requirement is smaller, and the baby will in- 
stinctively eat less. This almost always disturbs the parents, who may 
try to force the child to eat, which in turn may be the start of a feeding 
problem. 


Feeding Problems 


Feeding problems arise easily in early life. Many can be prevented 
by parental understanding. Many mothers do not realize how quickly 
their own likes and dislikes are communicated to their offspring. A 
mother’s involuntary grimaces when she feeds her infant cod-liver oil or 
a strained vegetable for which she does not care are well noticed by 
the baby, and he soon rejects the particular food. 

Many mothers have a preconceived idea of how much the infant 
should eat. She should be warned not to expect the baby to drain each 
bottle to the last drop since his appetite will vary from feeding to feed- 
ing. She must also be patient when newly introduced solid foods are re- 
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TABLE 29. WEIGHT AND LENGTH OF Boys FROM BIRTH TO 2 YEARS 

















Percentile 
Age Measurement 

3 10 | 25 | 50 | 75 | 90 | 97 

re ieanie ee cesel es ao. | 750 8a. |. a1 | 104 
Birth....... Weight ;Po"” 
4 ah kilograms 2.63 | 2.86] 3.13] 3.4 3.76 | 4.13 | 4.58 
ryt inches 18.2 | 18.9 |19.4 |19.9 | 20.5 | 21.0 | 21.5 

8") centimeters | 46.3 | 48.1 | 49.3 |50.6 |52.0 | 53.3 | 54.6 

ds 10.6 |11.1 |11.8 |12.6 |13.6 |14.5 | 16.4 

months. . ht « Poun 
8 months...) Weight{\ sj ,erams | 4.81| 5.03| 5.35| 5.72| 6.17| 6.58| 7.44 
Leneth {inches 22.4 122.8 |23.3 |23.8 |24.3 | 24.7 | 25.1 

or)’ centimeters | 56.8 | 57.8 | 59.3 | 60.4 |61.8 | 62.8 | 63.7 

oe oth: Weight a pounds 14.0 |14.8 | 15.6 | 16.7 | 18.0 | 19.2 | 20.8 
pie kilograms 6.35 | 6.71] 7.08] 7.58| 8.16} 8.71) 9.43 

inches 24.8 | 25.2 | 25.7 |26.1 | 26.7 | 27.3 | 27.7 

centimeters | 63.0 | 63.9 | 65.2 | 66.4 | 67.8 | 69.3 | 70.4 

| .., {pounds 16.6 | 17.8 | 18.7 | 20.0 | 21.5 | 22.9 | 24.4 
9 months. ..| Weight {i jjograms | 7.53| 8.07| 8.48] 9.07] 9.75 | 10.39 | 11.07 
Length {inches 26.6 | 27.0 |27.5 | 28.0 | 28.7 | 29.2 | 29.9 

engt® ) centimeters | 67.7 | 68.6 | 69.8 | 71.2 | 72.9 | 74.2 | 75.9 

{ pounds 18.5 | 19.6 |20.9 | 22.2 | 23.8 | 25.4 | 27.3 
12 months. .| Weight) Liograms | 8.39 | 8.89 | 9.48 | 10.07 | 10.8 | 11.52 | 12.38 
fe (inches 28.1 | 28.5 | 29.0 | 29.6 | 30.3 |30.7 | 31.6 

Length ) centimeters | 71.3. | 72.4 | 73.7 | 75.2 | 76.9 | 78.1 | 80.3 

Bo rtha_. | Weight Pound 19.8 | 21.0 | 22.4 | 23.7 | 25.4 | 27.2 | 29.4 
5 months. .| Welgnt) tograms | 8.98 | 9.53 | 10.16 | 10.75 | 11.52 | 12.34 | 13.33 
Length { inches 29.3 |29.8 | 30.3 |30.9 | 31.6 | 32.1 | 33.1 

engtn’ centimeters | 74.4 | 75.6 | 77.0 | 78.5 | 80.3 | 81.5 | 84.2 





) pounds 21.1 | 22.3° | 23.8 











25.2 | 26.! 
18 months. .| Weight) ito¢rams | 9.57 | 10.12 | 10.8 | 11.43 | 12.2 | 13.15 | 14.29 
pe oth, ‘inches 30.5 | 31.0 131.6 |32:2 |329 |33.5 |347 
zength ) , ntimeters | 77.5 | 78.8 | 80.3 | 81.8 | 83.7 | 85.0 | 88.2 
Svcats Weight pounds 23.3 | 24.7 | 26.3 | 27.7 29.7 31.9 ae.) 
ee kilograms 10.57 | 11.2. | 11.93 | 12.56 | 13.47 | 14.47 | 15.83 
inches 296 |33.1 | 33.8 | 34.4 | 35.2 | 35.9 | 37.2 
Length ) | ntimeters | 82.7 | 84.2 | 85.8 | 87.5 | 89.4 | 91.1 | 94.6 
ET See Re DE Be a ee 


Source: From Studies of Child Health and Development, Department. of Maternal 
and Child Health, Harvard University School of Public Health, by courtesy of Harold C. 
Stuart, M.D., Professor Emeritus. 
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TABLE 30. WreicuHT AND LENGTH oF GIRLS FROM BirRTH TO 2 YEARS 
















Percentile 
Age Measurement 
3 10 | 25 | 50 90 | 97 
3 : pounds 5.8 6.2 6.9 7.4 8.6 9.4 
Births Weight) iilograms | 2.63| 2.81] 3.13| 3.36 3.9 | 4.26 
1,dinches 18.5 {18.8 |19.3 119.8 }20.1 | 20.4 | 21.1 
Length) -ontimeters | 47.1 | 47.8 | 49.0 150.2 |51.0 |51.9 |53.6 
.., {pounds 9.8 |10.7 |11.4 |12.4 |13.2 |140 |149 
SG pOnRDE en WORN) oceans Fed AG | eaSr td alg Ge 6.35 | 6.76 
Length {inches 22.0 | 22.4 |228 | 23.4 123.9 |243 | 248 
ength | centimeters | 55.8 | 56.9 | 57.9 |59.5 |60.7 |61.7 | 631 
.., {pounds 12.7 |14.1 |15.0 |16.0 |17.5 118.6 | 20.0 
ppOntba ee AVUSEDU samuel 5.76 Came umes 8.44] 9.07 
Length {inches 24.0 |24.6 | 25.1 |25.7 |262 |26.7 |27.1 
ene" | centimeters | 61.1 | 62.5 | 63.7 | 65.2 |66.6 | 67.8 | 68.8 
.., {pounds 15.1 116.6 |17.8 |19.2 |20.8 |22.4 | 242 
ae cl OO iioeremem ham eed wins hati Neer 10.16 | 10.98 
Length {inches 25.7 |26.4 126.9 |27.6 |282 | 28.7 | 29.2 
engt™ \ centimeters | 65.4 | 67.0 | 68.4 |70.1 | 71.7 |72.9 | 741 
.., {pounds 16.8 |18.4 |19.8 |21.5 |23.0 |248 |274 
pommontns.«| Weighty. ac erame | 7.02 | 6.516896 |--orn/lidas: iti eee eae 
Leneth inches 27.1 |27.8 |285 129.2 |299 |303 | 31.0 
S™ \centimeters | 68.9 | 70.6 |72.3 |74.2 |75.9 |771 | 788 
._., {pounds 18.1 |19.8 | 21.3 | 23.0 |24.6 |26.6 | 29.0 
1 ey 

pmonsas Weignt {Pomnds 8.21} 8.98} 9.66 | 10.43 | 11.16 | 12.07 | 13.15 
Leneth {inches 28.3 | 29.0 |29.8 |30.5 131.3 |31.8 1326 
5 \centimeters | 71.9 | 73.7 | 75.6 |77.6 | 79.4 | 808 82.8 
ds 19.4 | 21.2 |22.7 |24.5 |262 |283 | 30.9 

18 months. .| Weight { POU" 
reas ek kilograms | 8.8 | 9.62] 10.3 | 11.11 | 11.88 | 12.84 | 14.02 
Length {inches 29.5 |30.2 |31.1 |31.8 1326 |333 1341 
centimeters | 74.9 | 76.8 | 79.0 | 80.9 82.9 | 84.5 | 86.7 
Sco Weight (Pounds 21.6 | 23.5 125.3 [27.1 |292 |31.7 |344 
kilograms | 9.8 | 10.66 | 11.48 | 12.29 | 13.25 | 14.381 156 
Length {inches 31.5 | 32.3 133.3 134.1 135.0 135.8 |367 
centimeters | 80.1 82.0 | 84.7 | 86.6 8 91.0 | 93.3 


Source: From Studies of Child Health and Development, Department of Maternal 
and Child Health, Harvard University School of Public Health, by courtesy of Harold C. 
Stuart, M.D., Professor Emeritus. 
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jected at first. When the baby grows older and his rate of weight gain 
decreases together with his appetite, and his attention begins to wander 
in contrast to his previous ravenous interest in food, that is the time when 
parental self-restraint, instead of forced feeding, will go a long way 
toward the prevention of future feeding problems. 


CHAPTER IS 


NUTRITION IN CHILDHOOD 
AND ADOLESCENCE 


The nutritional needs of children and adolescents are unique and demand 
special attention. These requirements are conditioned primarily by the 
building and maintenance of new body tissue, by the demands of a high 
order of physical activity, and to some extent by interrelated intrinsic 
and environmental factors, such as emotional changes as the growing 
child reacts to his maturation and his surroundings. In general, the grow- 
ing child and adolescent require a high caloric intake because of their 
great activity and an abundance of good quality protein and minerals 
because of their rapid growth. The need for vitamins is enhanced over 
that of a sedentary adult because of the characteristic high metabolic 
activity of this period in the life cycle. 

One means of judging the adequacy of the diet in childhood is the 
plotting of height and corresponding weight with progressing age. Such 
a record is also helpful in the clinical evaluation of general health. Tables 
31 to 34 outline the range of height and weight data normally encountered 
at different ages in childhood and adolescence. 


Physiologic Considerations 


Between the ages of 2 and 12, growth is a more or less gradual process 
which poses its enhanced nutritive requirements in a relatively conserva- 
tive fashion. The pace is accelerated during adolescence when the growing 
individual advances from childhood to manhood or womanhood. Ado- 
lescence is a period of highly accelerated physical growth, development 
of secondary sex characteristics and eventual sexual maturation, and a 
change in mental attitudes, interests, and emotional responses. In terms 
of nutrition, this period introduces not only greatly enhanced needs for 
nutrients to meet the demands of physical growth, but also a shift in the 
food habits of the child to the concepts of the adult of what constitutes an 
adult choice of foods. 

Adolescent growth exhibits a maximum acceleration just before sexual 
maturation, with deceleration almost immediately thereafter. The con- 
current basal metabolism increases when growth is most intense and 
drops soon after sexual maturation. In extreme instances the premen- 
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archial rise in basal metabolism in girls may approach the limits of a 
hyperthyroid state while the subsequent fall may approach the levels of 
a hypothyroid state. The prepubescent growth acceleration and matura- 
tion occur earlier in girls than in boys and thus make for a different 
nutritional time table for each sex from the twelfth year on. 

Growth rates differ from individual to individual, and the onset of 
physiologic maturation may come at any time between the eleventh and 
sixteenth year. Hence judicious caution is indicated in using an “average” 
figure in the evaluation of individual growth and dietary adequacy. 


Caloric Requirements 


The dietary allowances recommended by the Food and Nutrition Board 
for childhood and adolescence are summarized in Table 22. Average 
caloric requirements increase from 1300 calories for boys and girls 1 to 3 
years of age to 2500 calories at the age of 10 to 12. The average require- 
ment for boys 13 to 15 years old is 3100 calories; it increases to 3600 
calories between the sixteenth and nineteenth year, in contrast to 3200 
calories at the age of 25, 3000 at 45, and 2550 at 65. In girls, the picture 
is similar, though here maturation, and thus maximal caloric need, occurs 
at an earlier age. On the average, girls 13 to 15 years old require 2600 
calories—more than at any other time during their life cycle, except for 
periods of pregnancy and lactation. The difference between the energy 
requirements of adolescent boys and girls exists primarily because boys 
ordinarily grow to a larger stature and are physically much more active. 


Protein and Mineral Requirements 


The protein and mineral requirements in childhood and adolescence 
exhibit a trend similar to caloric needs. While linear skeletal growth is 
most obvious, the skeleton mineralizes progressively throughout child- 
hood and early adult life and continues to become heavier long after 
linear growth has ceased. Calcium and phosphorus, the main constituents 
of mature bone, must be adequately provided by food for normal skeletal 
development. The recommended calcium allowance for boys and girls 
rises from 1 gram per day at the age of 1 to 1.2 grams between the ages 
of 10 to 12. Boys 13 to 19 years old have an allowance of 1.4 grams, 
while that for girls in the same age group is 1.3 grams. Either value con- 
trasts considerably with the recommended allowances of 0.8 grams for 
adult men or nonpregnant, nonlactating adult women. 

In the growing body frame, muscle growth should keep pace with 
skeletal growth. This calls for active elaboration of muscle tissue, an 
increase in blood volume and blood constituents, and a continuous 
positive nitrogen balance. Optimal growth and nitrogen assimilation can 
take place only if the child's food provides an abundance of all the 
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essential amino acids and other nutrients required for growth and suffi- 
cient calories from nonprotein food sources to spare the protein so that 
it is not utilized for the creation of energy but for tissue synthesis. While 
growing children may continue to gain in height and weight on suboptimal 
food intakes, this is likely to result in mineral-poor bone, nitrogen-poor 
soft tissues, borderline or frank anemia, a depressed metabolism, a 
decrease in physical activity, and an increased susceptibility to infection. 
Loss of resistance to disease at the time of puberty is seen particularly 
in girls whose growth spurt is less prolonged and more rapid. The 
hormonal changes which occur at this time are also partially responsible 
for much of this loss of resistance; nevertheless an increased intake of 
protective foods, with particular emphasis on protein, is essential with 
the first signs of puberty. 

The recommended daily allowance for protein for boys and girls rises 
gradually through the ages of 1 to 12 from 40 grams to 70 grams. The 
allowance for boys 13 to 15 years old is 85 grams and rises to 100 grams 
between the ages of 16 and 19 (in contrast to 70 grams for adults). The 
corresponding recommended allowances for girls are 80 and 75 grams, 
respectively, which reflects the fact that pubescence and its maximal 
growth spurt usually occur earlier in girls than in boys. In contrast to 
the high requirements in adolescence, the recommended allowance for 
nonpregnant, nonlactating adult women is only 58 grams. 

The daily iron allowance rises gradually through early childhood from 
7 milligrams at the age of 1 to 12 milligrams at 12; it increases to 15 
milligrams between the ages of 13 to 19 for boys and girls alike, which 
reflects the fact that adolescent needs are greater than those of the adult. 


Other Nutrients 


Vitamin D is essential for optimal calcium and phosphorus assimilation. 
Though many children receive sufficient sunshine in the summer for 
endogenous vitamin D synthesis, few receive enough in the winter. 
Giving some sort of vitamin D preparation in early infancy has become 
routine in most households; however, too few parents realize the im- 
portance of continuation of vitamin D supplementation through the 
balance of childhood. To ensure a daily supply of 400 I.U. of vitamin D, 
it is appropriate to consider the routine consumption of vitamin D milk, 
a quart of which will not only supply this amount but will also satisfy the 
daily calcium requirement. 

The allowances for thiamine, riboflavin, niacin, and ascorbic acid 
follow the trend exhibited by the caloric need; these daily requirements 
increase gradually during early childhood, to spurt to a lifetime high 
during adolescence (Table 22). The vitamin A requirement is primarily 
proportional to body weight. It thus increases gradually through early 
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childhood and reaches its high level in adolescence; it remains at this 
level throughout the remainder of adult life. 


Food Patterns during School Age 


The diets of children have improved in many ways over those of the 
past. In the United States, today’s children and adolescents are taller 
and heavier than they were a generation or two ago. The reason for this 
is not wholly nutritional since freedom from disease and other un- 
favorable environmental factors have played an important part in this 
development. Nevertheless, within the limits imposed by the genetic 
potential of the individual, the improvement in the quality of diets has 
permitted growth to reach approximately maximal levels. 

While general over-all averages of per capita food consumption appear 
satisfactory, there is abundant evidence of unequal distribution of food 
and dietary essentials. Ascorbic acid, calcium, thiamine, and riboflavin 
are the nutrients most commonly deficient in juvenile diets. The increased 
caloric need of the growing youngster is ordinarily reflected in his appe- 
tite. Unless additional food is provided during scheduled mealtimes, the 
individual resorts to between-meal snacks. Much of this extra food con- 
sists of candy and soft drinks which abound with calories but may make 
little contribution of other nutrients to the diet. 

Practices commonly found among youngsters of school age which set 
the stage for dietary inadequacy are (1) small, poorly chosen, or omitted 
breakfasts, (2) inadequate lunches eaten away from home, (3) choice 
of food left to the child, without adult guidance, (4) failure to eat 
enough meats, eggs, vegetables, and fruits, (5) expenditure of school 
lunch money on candy and soft drinks, which constitutes -a substitution 
of “empty” calories for what might have been a well-balanced diet. To 
this list may be added occasional self-imposed dieting on the part of 
girls who attempt to achieve artificial standards of slimness and on. the 
part of boys who follow ill-advised diets in an effort to improve unsightly 
acne. Obesity may also present a problem in the adolescent. Many 
adolescent girls have often been chubby throughout their early childhood, 
but vanity—coming with pubescence—makes them conscious of their 
appearance and they attempt to adjust their food intake. In some girls, 
however, there may develop an attitude of defeatism with gradual with- 
drawal from sports and social activities and compensatory overindulgence 
in food. A similar cycle may be found in the male, though perhaps to a 


lesser extent. 


Dietary Recommendations 


The essential nutrients as well as calories must be amply provided if 
the growing child is to achieve his maximum growth potential and well- 
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being and the physical equipment to meet adolescent and adult life. 
This is best achieved with the aid of three satisfying meals per day, to 
provide the protective foods at adequate levels, and an afternoon and 
bedtime snack which includes milk or a flavored milk drink. The meal 
plan should follow the outline given in Chap. 15. Emphasis should be 
placed on an adequate breakfast, since this meal follows a prolonged 
period of fasting and a skimpy breakfast may lead to a decrease in 
attention span and efficiency in school or at work during the late morning 
hours. 

In view of the high protein requirement in adolescence, the meat, 
fish, or poultry servings should be large and at least one egg should be 
eaten each day. If at all possible, a milk quota of 2 pints should be ob- 
served because milk serves as the main source of calcium and a major 
source of protein and riboflavin. It may be consumed as whole milk 
or in the form of cocoa or chocolate milk; it may be made into custards 
and puddings, or it may be taken in the form of cheese; but it should 
never be ignored. When fresh milk is not readily available, the dried 
or canned evaporated article is quite suitable. Simple desserts are 
acceptable if taken in moderation and at the right time. They should 
be eaten only at the end of the meal since otherwise they will satiate the 
youngster before the more essential food items are consumed. If the 
outline in Chap. 15 is followed at mealtime, snack items and social 
eating may be considered chiefly a supplementary source of calories. 
Sweets and between-meal snacks should be permitted only if there is no 
indication that they interfere with appetite for the scheduled main meals 
of good nutritive rating. 

Variety should be maintained in the diet, and the child must be taught 
to eat portions of everything reasonable and wholesome which is served 
at the table. Permitting a child to develop peculiarities of taste is a mis- 
take of convenience which may turn into a definite handicap in adult 
life. Whereas the toddler and very young child tend to dawdle over 
their food, many preadolescents prefer to rush through their meals in 
order to leave the table and return to their own pursuits. Regularity of 
meals and lack of haste are important, and “wolfing” a meal on the part 
of the child or adolescent should never be permitted. An atmosphere of 
courtesy, pleasantry, and interest at mealtime is important in creating 
behavior and meal patterns which become increasingly important with 
the years. 

Good food, exercise, recreation, and rest are all important factors 
in a program of healthful living. When the growing youngster does not 
respond to such a regimen with overt evidence of good nourishment, the 
problem may be a metabolic disorder, infection, or an emotional disturb- 
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ance and may require medical attention beyond the realm of dietetic 
adjustment. 


TABLE 31. WeIGHT AND HEIGHT oF Boys FROM 2 TO 5 YEARS 


Percentile 
Age Measurement 

3 10 | 25 | 50 | 75 | 90 | 97 
ds 93.3 | 24.7 | 26.3 | 27.7 | 29.7 | 31.9 | 34.9 
2 years..... W eo , 
‘pada eight) kilograms | 10.57| 11.2 | 11.93| 12.56] 13.47| 14.47| 15.83 
Hejent {inches 32.6 | 33.1 | 33.8-| 34.4 | 35.2 | 35.9 | 37.2 
Bn") centimeters | 82.7 | 84.2 | 85.8 | 87.5 | 89.4 | 91.1 | 94.6 
ae _. ,, {pounds 25.2 | 26.6 | 28.4 | 30.0 | 32.2 | 34.5 | 37.0 
Sea years...| Weight), +), -ams | 11.43] 12.07| 12.88| 13.61| 14.61| 15.65| 16.78 
Height {imehes 34.2 | 34.8 | 35.5 | 36.3 | 37.0 | 37.9 | 39.2 
80") centimeters | 86.9 | 88.5 | 90.2 | 92.1 | 94.1 | 96.2 | 99.5 
cars Wejent (Pounds 27.0 | 28.7 | 30.3 | 32.2 | 34.5 | 36.8 | 39.2 
- eiglahahanale 80") kilograms | 12.25] 13.02] 13.74| 14.61] 15.65] 16.69] 17.78 
Height (inches 35.7 | 36.3 | 37.0 | 37.9 | 38.8 | 39.6 | 40.5 
B90 centimeters | 90.6 | 92.3 | 93.9 | 96.2 | 98.5 |100.5 |102.8 


4 ; 
37% years...) Weight) i) ,orams | 12.93| 13.79| 14.65] 15.56| 16.65| 17.74] 18.82 


inches 37.1 | 37.8 | 38.4 | 39.3 | 40.3 | 41.1.| 41.9 


a 28.5 | 30.4 | 32.3 | 34.3 | 36.7 | 39.1 | 41.5 


Height) .ontimeters | 94.3 | 96.0 | 97.5 | 99.8 |102.5 [104.5 |106.5 

4 Weight (Pounds 30.1 | 32.1 | 34.0 | 36.4 | 39.0 | 41.4 | 44.3 
years.....| Welgnt)) jlograms | 13.65| 14.56] 15.42] 16.51| 17.69] 18.78] 20.09 
Hejoht {inches 38.4 | 39.1 | 39.7 | 40.7 | 41.9 | 42.7 | 43.5 

eight ) contimeters | 97.5 | 99.3 |100.8 |103.4 [106.5 {108.5 |110.4 

4\é Weight pounds 31.6 | 33:8 | 35.7 | 38.4 | 41.4 | 43.9 | 474 
72 years...) WeIBM \kilograms | 14.33] 15.33] 16.19] 17.42] 18.78] 19.91} 21.5 
Heicl inches 39.6 | 40.3 | 40.9 | 42.0 | 43.3 | 44.2 | 45.0 

eight) sontimeters (100.6 {102.4 {104.0 |106.7 |109.9 [112.3 |114.3 

Weigl {pounds 33.6 | 35.5 | 37.5 | 40.5 | 44.1 | 46.7 | 50.4 

iad ahaa eight) iilograms | 15.24| 16.1 | 17.01] 18.37] 20.0 | 21.18] 22.86 
finches 40.2 | 40.8 | 41.7 | 42.8 | 44.2 | 45.2 | 46.1 


Height) -ontimeters {102.0 [103.7 |105.9 108.7 [112.3 |114.7 [117.1 
J 
Source: From Studies of Child Health and Development, Department of Maternal 


and Child Health, Harvard University School of Public Health, by courtesy of Harold C. 
Stuart, M.D., Professor Emeritus. 
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TABLE 32. WEIGHT AND HeriGcutT or GIRLS FROM 2 TO 5 YEARS 





Percentile 
Age Measurement 

3 10 | 25 | 50 | 75 | 90 97 
BS Weiel pounds 21.6 | 23.5 | 25.3 | 27.1 | 29.2 | 31.7 | 344 
“years. ....) Welght) i iiograms | 9.8 | 10.66| 11.48| 12.29| 13.25] 14.38] 15.6 
Hejoht (iehes 31.5 | 32.3 | 33.3 | 34.1 | 35.0 | 35.8 | 36.7 
eight ) centimeters | 80.1 | 82.0 | 34.7 | 86.6 | 88.9 | 91.0 | 933 
oe Wejeht {Pounds 23.6 | 25.5 | 27.4 | 29.6 | 31.9 | 34.6 | 38.2 
72 YOaNS. « «| WEB" kilograms | 10.7 | 11.57] 12.43] 13.43] 14.47] 15.69| 17.33 
Hejont (itches 33.3 | 34.0 | 35.2 | 36.0 | 36.9 | 37.9 | 38.9 
18") centimeters | 84.5 | 86.3 | 89.3 | 91.4 | 93.8 | 96.4 | 98.7 
Wejent /POUnds 25.6 | 27.6 | 29.6 | 31.8 | 34.6 | 37.4 | 41.8 
Yearss-- ++) New’) kilograms | 11.61] 12.52| 13.43] 14.42] 15.69! 16.96! 18.96 
Height { inches 34.8 | 35.6 | 36.8 | 37.7 | 38.6 | 39.8 | 40.7 
“189" | centimeters | 88.4 | 90.5 | 93.4 | 95.7 | 98.1 |101.1 1103.5 
ay : pounds 27.5 | 29.5 | 31.5 | 33.9 | 37.0 | 40.4 | 45.3 
374 years. . .| Weight kilograms | 12.47] 13.38] 14.29] 15.38] 16.78] 18.33] 20.55 
Heieht inches 36.2 | 37.1 |°38.1 | 30.2 | 402 |/415 ban 
“18 \ centimeters | 92.0 | 94.2 | 96.9 | 99.5 1102.0 |105.4 |108.0 
nes Weijent {Pounds 29.2 | 31.2 | 33.5 | 36.2 | 39.6 | 43.5 | 48.2 
pee re S™ \kilograms | 13.25| 14.15] 15.2 | 16.42] 17.96] 19.73] 21.86 
Height {inches 37.5 | 38.4 | 39.5 | 40.6 | 41.6 | 43.1 | 44.2 
8 centimeters 95.2 97.6 |100.3 |103.2 |105.8 {109.6 [112.3 
ie ene ent pounds 30.7 | 32.9 | 35.3 | 38.5 | 42.1 | 46.7 | 50.9 
74 years. . .| Weight kilograms | 13.93} 14.92] 16.01] 17.46] 19.1 | 21.18! 23.09 
Height {inches 38.6 | 39.7 | 40.8 | 42.0 | 43.0 | 44.7 | 45.7 
5 \centimeters | 98.1 |100.9 {103.6 {106.8 |109.3 {113.5 116.2 
a eal ee pounds 32.1 | 34.8 | 37.4 | 40.5 | 44.8 | 49.2 | 52.8 
i eight kilograms | 14.56] 15.79] 16.96] 18.37] 20.32] 22.32] 93.95 
inches 39.4 | 40.5 | 41.6 | 42.9 | 44.0 | 45.4 | 468 


Height ; 
centimeters {100.0 |103.0 1105.7 |109.1 117 115.4 iS 


ee ee ee ee ee 
Source: From Studies of Child Health and Development, Department of Maternal 


and Child Health, Harvard University School of Public Health, by courtesy of Harold C. 
Stuart, M.D., Professor Emeritus. 
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TaBLeE 33. Wricut AND Heraut or Boys From 5 To 18 YEARS 


ee eeeeeeeeeSeSeSeSSeSSSeeeeSSSSSFSFSsésé 


Percentile 


Age 


6 years.... 


7 years.... 


8 years. . 


9 years... 


10 years. . 


i years.... 


12 years.... 








Measurement 
3 10 | 26 
roto ) pounds 34.5 | 36.6 | 39.6 
Weight kilograms 15.65} 16.6 | 17.96 
Height inches 40.2 | 41.5 | 42.6 
8" '\ centimeters 102.1 1105.3 {108.3 
a pounds 38.5 | 40.9 | 44.4 
Weight) sloprama | 17.46| 1855| 20.14 
Height inches 42.7 | 43.8 | 44.9 
& (centimeters |108.5 |111.2 |114.1 
— pounds 43.0 | 45.8 | 49.7 
Weight {Pounds 19.5 | 20.77) 22.54 
Height inches 44.9 | 46.0 | 47.4 
6" centimeters [114.0 [116.9 |120.3 
.,, {pounds 48.0 | 51.2 | 55.5 
| Weight i jlograms | 21.77] 23.22] 25.17 
Height inches 47.1 | 48.5 | 49.8 
ee centimeters {119.6 {123.1 |126.6 
eo pounds 52.5 | 56.3 | 61.1 
--| Weight) iloorams | 23.81| 25.54| 27.71 
Height {inches 48.9 | 50.5 | 51.8 
e180") centimeters [124.2 |128.3 1131.6 
gis pounds 56.8 | 61.1 | 66.3 
-| Weight) titograms | 25.76| 27.71| 30.07 
Height inches 50.7 | 52.3 | 53.7 
C1G0¥) centimeters |128.7 |132.8 |136.3 
= pounds 61.8 | 66.3 | 71.6 
Weight i iograms | 28.03| 30.07] 32.48 
Height inches 502.5) | 64.0 | 55.3 
eign ) centimeters {133.4 {137.3 |140.5 
wp, J pounds 67.2 | 72.0 | 77.5 
Weight) i tlograms | 30.48| 32.66| 35.15 
Heigh inches 5A 56 | bie 
“8h | centimeters [138.1 |142.4 145.2 


50 75 90 
42.8 | 46.5 | 49.7 
19.41 | 21.09] 22.54 
43.8 | 45.0 | 45.9 

111.3 [114.2 |116.7 
48.3 | 52.1 | 56.4 
21.91] 23.63] 25.58 
46.3 | 47.6 | 48.6 

117.5 {120.8 |123.5 
54.1 | 58.7 | 64.4 
24.54 | 26.63] 29.21 
48.9 | 50.2 | 51.4 

124.1 |127.6 {130.5 
60.1 | 65.5 | 73.0 
27.26 | 29.71] 33.11 
51.2 | 52.8 | 54.0 

130.0 |134.2 |137.3 
66.0 | 72.3 | 81.0 
29.94] 32.8 | 36.74 
53.3 | 55.0 | 56.1 

135.5 |139.8 |142.6 
71.9 | 79.6 | 89.9 
32.61} 36.11] 40.78 
55.2 | 56.8 | 58.1 

140.3 |144.4 |147.5 
77.6 | 87.2 | 99.3 
35.2 | 39.55] 45.04 
56.8 | 58.7 | 59.8 

144.2 149.2 |151.8 
84.4 | 96.0 |109.6 
38.28 | 43.55 | 49.71 
58.9 | 60.4 | 62.2 

149.6 {153.5 |157.9 
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53.2 

24.13 

47.0 
119.5 





61.1 

27.71 

49.7 
126.2 


69.9 

31.71 

52.5 
133.4 


79.4 

36.02 

55.2 
140.2 


89.8 

40.73 

57.2 
145.3 


100.0 
45.36 
59.2 

150.3 


1 BY 4 
50.67 
60.8 

154.4 


124.2 
56.34 
63.7 

161.9 
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TABLE 33. WEIGHT AND Hercut oF Boys From 5 To 18 Years (Cont.) 
I 
Percentile 


Age Measurement C= ee | 


. -.. fpounds 72.0 | 77.1 | 83.7 | 93.0 [107.9 |123.2 |138.0 
13 years. ...| Weight) Lijograms | 32.66| 34.97| 37.97| 42.18| 48.94] 55.88] 62.6 
inches 56.0 | 57.7 | 58.9 | 61.0 | 63.3 | 65.1 | 66.7 


Height | -ontimeters [142.2 |146.6 |149.7 |155.0 |160.8 |165.3 |169.5 


pounds 79.8 | 87.2 | 95.5 |107.6 |123.1 |136.9 |150.6 
kilograms 36.2 | 39.55] 43.32] 48.81] 55.84] 62.1 | 68.31 
inches 57.6 | 59.9 | 61.6 | 64.0 | 66.3 | 67.9 | 69.7 
centimeters {146.4 |152.1 |156.5 [162.7 |168.4 {172.4 {177.1 


14 years. ...| Weight 


Height 


pounds 91.3 | 99.4 {108.2 |120.1 {135.0 |147.8 |161.6 
kilograms 41.41] 45.09] 49.08] 54.48] 61.23} 67.04] 73.3 
Hei inches 59.7 | 62.1 | 63.9 | 66.1 | 68.1 | 69.6 | 71.6 

centimeters {151.7 |157.8 |162.3 |167.8 |173.0 |176.7 |181.8 
pounds 103.4 }111.0 |118.7 |129.7 |144.4 {157.3 |170.5 
kilograms 46.9 | 50.35] 53.84] 58.83] 65.5 | 71.85| 77.34 
inches 61.6 | 64.1 | 65.8 | 67.8 | 69.5 | 70.7 | 73a 
centimeters {156.5 {162.8 |167.1 |171.6 |176.6 |179.7 [185.6 


16 years. ...| Weight 


Height 


15 years.... si 


pounds 110.5 |117.5 |124.5 {1386.2 |151.4 |164.6 |175.6 
kilograms 50.12] 53.3 | 56.47] 61.78] 68.67] 74.66} 79.65 
inches 62:6" |°65-2) 66.8) 1 968:45 | 8 701 e715 aes 
centimeters |159.0 |165.5 |169.7 |173.7 |178.1 |181.6 |186.6 


17 years. ...| Weight 


Height 


{pounds 113.0 |120.0 |127.1 |139.0 |155.7 |169.0 {179.0 
kilograms | 51.26] 54.43] 57.65] 63.05| 70.62] 76.66} 81.19 
inches 62.8 | 65.5 | 67.0 | 68.7 | 70.4 | 71.8 | 73.9 
centimeters |159.6 |166.3 |170.5 |174.5 |178.9 |182.4 |187.6 


18 years. ...| Weight 


Height 


* Several measurements at 5 years differ slightly from their counterparts in Table 31 
because they were obtained from a different population of children. 

Source: The data in this table are from studies by and are reproduced by courtesy 
of Howard V. Meredith, Ph.D., lowa Child Welfare Research Station, State University 
of Iowa. 
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TaBLE 34. WeIGHT AND Hercur or GirLs FROM 5 To 18 YEARS 


ho sss—S—S—Ss 


Percentile 
Age Measurement a ey 





_.,. {pounds 33.7 | 36.1 | 38.6 | 41.4 | 44.2 | 48.2 | 51.8 
pyears”. . .| Weight kilograms | 15.29] 16.37] 17.51] 18.78] 20.05] 21.86] 23.5 
Height inches 40.4 | 41.3 | 42.2 | 43.2 | 44.4 | 45.4 | 465 

centimeters {102.6 {105.0 |107.2 |109.7 {112.9 1115.4 118.0 

..,, {pounds 37.2 | 39.6 | 42.9 | 46.5 | 50.2 | 54.2 | 58.7 

years... Weight {Pounds 16.87 | 17.96] 19.46] 21.09] 22.77] 24.58! 26.63 
Height inches 42.5 | 43.5 | 44.6 | 45.6 | 47.0 | 48.1 | 49.4 

centimeters |108.0 {110.6 {113.2 |115.9 |119.3 |122.3 [125.4 

Te Weight Pounds 41.3 | 44.5 | 48.1 | 52.2 | 56.3 | 61.2 | 67.3 
aris kilograms | 18.73] 20.19] 21.82] 23.68] 25.54] 27.76! 30.53 
Height inches 44.9 | 46.0 | 46.9 | 48.1 | 49.6 | 50.7 | 51.9 

\ centimeters 114.0 {116.8 |119.2 |122.3 |125.9 |128.9 |131.7 


Da mee {pounds 45.3 | 48.6 | 53.1 | 58.1 | 63.3 | 69.9 | 78.9 
years. ++) Wea) kilograms | 20.55! 22.04] 24.09] 26.35! 28.71] 31.71| 35.79 
inches 46.9 | 48.1 | 49.1 | 50.4 | 51.8 | 53.0 | 54.1 


Height) centimeters [119.1 [122.1 [124.8 [128.0 [131.6 {134.6 [1374 


Te oes Weight J pounds 49.1 | 52.6 | 57.9 | 63.8 | 70.5 | 79.1 | 89.9 
yearss +++) WCiBO’) kilograms | 22.27| 23.86] 26.26] 28.94] 31.98] 35.88| 40.78 
at sti 48.7 | 50.0 | 51.1 | 52.3 | 54.0 | 55.3 | 56.5 
(centimeters |123.6 {127.0 [129.7 |132.9 |137.1 [140.4 |143.4 

*. ounds 53.2 | 57.1 | 62.8 | 70.3 | 79.1 | 89.7 |101.9 

mereats.. «. Weight {Pounds 24.13] 25.9 | 28.49] 31.89] 35.88] 40.69] 46.22 
Height finches 50.3 | 51.8 | 53.0 | 54.6 | 56.1 | 57.5 | 58.8 
{centimeters {127.7 {131.7 |134.6 |138.6 [142.6 |146.0 [149.3 

-. ,, {pounds 57.9 | 62.6 | 69.9 | 78.8 | 89.1 |100.4 [112.9 

Bh years. ...| Weight) 1 iiograms | 26.26| 28.4 | 31.71| 35.74| 40.42| 45.54| 51.21 
Height [nes 52.1 | 53.9 | 55.2 | 57.0 | 58.7 | 60.4 | 62.0 
centimeters 132.3 {137.0 |140.3 |144.7 |149.2 |153.4 |157.4 

_. ,, {pounds 63.6 | 69.5 | 78.0 | 87.6 | 98.8 [111.5 |127.7 

12 years. ...| Weight) itograms | 28.85| 31.52| 35.38 39.74] 44.82] 50.58] 57.92 
oe 54.3 | 56.1 | 57.4 | 59.8 | 61.6 | 63.2 | 64.8 

Height centimeters 137.8 [142.6 [145.9 [151.9 |156.6 [160.6 |164.6 
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Tapsie 34. Weicut AND Hercut or Grris From 5 TO 18 YEARS (Cont.) 





Percentile 

Age Measurement 
3 10. | 26} BO. 175 3) SoG ae 
... {pounds 72.2 | 79.9 | 89.4 | 99.1 {111.0 [124.5 |142.3 
13 years. ...| Weight \itograms | 32.75| 36.24| 40.55| 44.95| 50.35| 56.47| 64.55 
Hejent {inches 56.6 | 58.7 | 60.1 | 61.8 | 63.6 | 64.9 | 66.3 
e1Bht ) centimeters (143.7 [149.1 |152.6 |157.1 |161.5 |164.8 [168.4 
Wejeht {Pounds 83.1 | 91.0 | 99.8 |108.4 119.7 [133.3 [150.8 
14 years...) Weight) iilograms | 37.69| 41.28] 45.27] 49.17] 54.29] 60.46| 68.4 
Hejeht {inches 58.3 | 60.2 | 61.5 | 62.8 | 64.4 | 65.7 | 67.2 
©18)" | centimeters {148.2 [153.0 |156.1 |159.6 [163.7 |167.0 |170.7 
He Wejeht {Pounds 89.0 | 97.4 |105.1 |113.5 {123.9 [138.1 [155.2 
o years...) Welght)iiograma | 40.37| 44.181 47.671 61.481 66.2 | 62.64 70.4 
Height inches 59.1 | 61.1 | 62.1 | 63.4 | 64.9 | 66.2 | 67.6 
18%" \centimeters |150.2 [155.2 [157.7 |161.1 {164.9 {168.1 {171.6 
ae Weight / Pounds 91.8 |100.9 |108.4 {117.0 |127.2 |141.1 |157.7 
yeas ++) SCO") kilograms | 41.64] 45.77] 49.17| 53.07] 57.7 | 64.0 | 71.53 
Height inches 59.4 | 61.5 | 62.4 | 63.9 | 65.2 | 66.5 | 67.7 
“8 \centimeters |150.8 {156.1 [158.6 [162.2 [165.7 |169.0 |172.0 
eee Weight Pounds 93.9 |102.8 {110.4 119.1 {129.6 |143.3 |159.5 
y ew 6 kilograms | 42.59] 46.63] 50.08] 54.02] 58.79] 65.0 | 72.35 
Height {inches 59.4 | 61.5 | 62.6 | 64.0 | 65.4 | 66.7 | 67.8 
Sh" (centimeters {151.0 |156.3 [159.0 [162.5 166.1 169.4 172.2 
._,, {pounds 94.5 |103.5 [111.2 |119.9 |130.8 |144.5 |160.7 

18 years.... ; 

eggs WoEd isinrvanen iaenr eine 50.44] 54.39] 59.33] 65.54! 72.89 
inches 59.4 | 61.5 | 62.6 | 64.0 | 65.4 | 66.7 | 67.8 


Heigh : 

ERY centimeters |151.0 |156.3 {159.0 {162.5 |166.1 |169.4 |172.2 
a ee | ee 

* Several measurements at 5 years differ slightly from their counterparts in Table 32 
because they were obtained from a different population of children. 

Source: The data in this table are from studies by and are reproduced by courtesy of 
sa V. Meredith, Ph.D., Iowa Child Welfare Research Station, State University 
of Iowa. 


CHAPTER I9 


GERIATRIC NUTRITION 


Sound nutrition in the elderly is not fundamentally different from normal 
nutrition in the mature adult. The basic requirements for satisfactory 
metabolism are essentially similar throughout life. However, certain 
characteristics inherent in the process of aging and peculiar to the elderly 
add unique facets to geriatric nutrition. The major factors which affect 
the nutritional status of the aged are discussed below. 


Inadequate Dentition 


Most individuals do not reach old age with a full complement of teeth. 
Inadequate dentition and ill-fitting uncomfortable dentures are important 
contributors to undernutrition in old age. In the absence of normal 
mastication, food is inadequately prepared for digestion. Poor dentition 
results in avoidance of foods which require thorough mastication and 
tends to limit the diet to softer foods. As time goes by important food 
items are automatically excluded from the diet, especially meats and 
the normal sources of bulk, fruits and vegetables. 


Social and Economic Status 


Economic factors are of paramount significance in the food pattern 
of most elderly people. There is a tendency to eat the cheaper carbo- 
hydrate foods and to bypass the nutritionally more important, but also 
more expensive, protein foods. Packaged bakery goods are cheap and 
require no further preparation and thus enjoy a popularity among the 
elderly which is not justifiable from the standpoint of nutritional well- 
being. Many elderly people live alone and lack the facilities to properly 
prepare meals and keep foods. Moreover, under such lonely circum- 
stances there is little incentive to have organized meals at all. Some 
elderly persons have family conflicts and nurse justified or imaginary 
grievances which are reflected in their refusal to eat properly, while 
others are physically unable to take care of themselves and to get around 
with enough ease to obtain proper food. 


Habits 
Eating habits are one of the greatest obstacles to the establishment of 
optimal diets among the majority of persons. Habits, good, bad, or 
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indifferent, are acquired and fixed by repetition. The longer food habits 
have been indulged in, the more rigid and ingrained they become. The 
dietary pattern of many elderly persons is thus a formidable structure, 
difficult to modify, and in too many cases it is based on gustatory pref- 
erence, self-indulgence, prejudice, indifference, lack of appetite, poor 
fluid intake, apathy, and fear—fear of the “wrong” foods, fear of con- 
stipation, or fear of “indigestion.” Moreover, the present-day ready 
availability of milk, fruits, and vegetables did not exist when most 
70-year-olds were young and were forming their personal food habits. 


Physiologic Factors 


With advancing age there is a diminishing sensitivity to taste and 
smell which interferes with the normal pleasure associated with eating. 
Secretion of hydrochloric acid in the stomach and digestive enzymes in 
general also diminishes, and the total volume of secretions of the 
gastrointestinal tract decreases. Thus digestion and absorption may not 
be optimal in many elderly persons. Biliary impairment is not infrequent; 
it interferes with normal digestion and utilization of fats and may result 
in gaseousness and discomfort after the ingestion of fatty foods. Low 
stores of the fat soluble vitamins aye not uncommon, either because of 
voluntary abstention from fats (and the associated fat soluble vitamins ) 
or because of poor intestinal absorption resulting from biliary insuf- 
ficiency. 

Constipation is frequent among the elderly. It is partially due to the 
atonic intestinal musculature, but decreased physical activity and unwise 
dietary habits, such as an inadequate intake of fluids and the avoidance 
of fruits and vegetables—the normal source of bulk—underlie much 
of it. 

The nitrogen balance tends to become negative in old age as the 
dietary protein intake diminishes and nitrogen assimilation becomes 
less efficient, while tissue protein catabolism remains unabated. The ill 
effects of hypoproteinemia—retarded bone and wound repair, predisposi- 
tion to anemia, and decreased resistance to infection—are thus more 
conspicuous in advanced age. 





Caloric Imbalance 


The basal metabolic rate decreases in old age, and fewer calories are 
needed to satisfy the body’s energy requirements for the upkeep of its 
vital functions. Hand in hand with the drop in metabolic rate, physical 
activity decreases in the later years as well, thus diminishing considerably 
the total caloric requirement. Nevertheless, in too many aging individuals 
the previous eating habits persist, though the energy. expenditure is 
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markedly reduced, and obesity becomes a frequent problem in late 
middle age. The obese are more susceptible to the degenerative disorders. 
Obesity increases surgical risk, predisposes to cardiovascular disease and 
the emergence of latent diabetes, and has a deleterious effect in osteo- 
arthritis of the weight-bearing joints; the prognosis for the diabetic or 
cardiac patient is also poorer in the presence of obesity. 

Actually, because of the increased incidence of degenerative disease 
among the obese and the detrimental effect of obesity on longevity, over- 
weight is not a frequent problem among the truly aged; the obese do not 
tend to survive to a very advanced age. Among septuagenarians and 
octogenarians, caloric deprivation and emaciation are more prevalent 
than obesity. Extreme underweight and undernutrition are equally 
undesirable since they lessen the oldster’s vigor and sense of well-being. 
Adjustment of the caloric intake and body weight of the elderly person 
is thus one of the basic principles of a sound geriatric nutritional 
regimen. 


Vitamin and Mineral Requirements 


The metabolic vitamin requirement is not markedly changed in old 
age, but apparently greater attention must be paid to an adequate dietary 
supply, since a diminished total food intake, poor qualitative selection of 
food items, and, possibly, less efficient absorption set the stage for in- 
adequate vitamin stores. 

The mineral requirements do not decrease because of age. Among the 
elderly, calcium and iron intakes are most apt to be deficient. The risk 
of chronic iron deficiency anemia is increased by the diminished gastric 
hydrochloric acid secretion, which makes for the decreased absorption 
of dietary iron. . 

In the past, the frequency of osteoporosis (demineralization of bones ) 
and fractures among the elderly was blamed on low calcium intakes. 
Actually, osteoporosis is the result of a variety of factors, among them 
hormonal changes. With a decreased secretion of the partially anabolic 
sex hormones, there is less elaboration of the proteinaceous bone matrix, 
which is a precursor of the subsequent mineralized bone structure. An 
adequate protein intake and a positive nitrogen balance are probably 
as essential for the prevention of osteoporosis as a positive calcium 
balance. Parathyroid hormone changes and skeletal disuse (inactivity, 
greater immobilization) also contribute to the demineralization of bone 
in the elderly. The restoration of hormone levels is in the realm of the 
physician, but the negative calcium balance may and should be pre- 
vented by inclusion of calcium-rich food items in the diet, especially 
milk, against which there exists a strong prejudice among many older 


people. 
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Dietary Recommendations 


The desired diet in later years is high in proteins, moderate in carbo- 
hydrates, relatively low in fats, and rich in vitamins and minerals. The 
total caloric intake should suffice to maintain a level of body weight 
consistent with, or slightly below, the values given in Table 35. Any 
existing overweight or underweight should be corrected gradually. 

The intake of fats should be less than the present national average, 
which amounts to 40 to 45 per cent of the total caloric intake. In ad- 
vanced age about 25 per cent of the caloric intake should come from 
fat. The diet should be rich in all vitamins and minerals, since in old 
age these may be absorbed less efficiently and since the total amount 
of food eaten may be smaller. Sufficient iron and calcium should be 
provided to correct existing deficiencies and to maintain normal balance. 

The fluid intake should be generous. Enough liquids should be con- 
sumed to permit excretion of at least 1% liters of urine per day. Except 
in warm weather and under conditions of excessive perspiration this 
requires a daily intake of about 2 liters of fluid. A liberal intake of water, 
juices, milk, coffee, and tea, spaced throughout the day, helps to main- 
tain a normal flow of urine and counteracts tendencies to constipation. 
The mild stimulating effects of caffeine from coffee and tea are not 
harmful, except in specific illnesses or idiosyncrasies, and have a salutary 
effect on older persons. When insomnia is a problem, caffeine late in the 
day is to be discouraged. Judicious and moderate use of alcoholic 
beverages is often regarded as helpful in the nutritional care of the aged. 
A glass of wine before dinner increases a lagging appetite and has a 
laudatory, protective, vasodilating effect; its relaxing properties are also 
valuable at bedtime. 

A large proportion of patients who have been placed on salt restricted 
diets for the management of cardiovascular disorders belong to the older 
age group. In these persons salt depletion is dangerous and must be 
watched for, particularly during hot weather and sickness with fever, 
when sodium and chloride loss by perspiration tends to become critical. 

The elderly do not take willingly to abrupt changes. To avoid emo- 
tional disturbance and outright rejection of the advice by the elderly 
subject, any alterations in the dietary should be gradual and fitted to the 
individual as much as possible. For instance, since fluid milk is rejected 
by many aged persons, dried skim milk may be introduced into well- 
accepted foods to avoid mealtime problems. 

When chewing is difficult, ground or chopped meat or tender fish is 
preferable and soft fruits or juices are best substituted for hard fruits. 
The emphasis should turn to egg or cheese dishes, finely chopped vege- 
tables, and puddings and soups (which may be enriched with milk or 
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dry milk solids). Strained and junior infant foods present a large selec- 
tion of nutritious items, and they require no preparation. 


Meal Plan in Old Age 


To ensure a well-balanced diet, the following should be had every day: 


LEAN MEAT, FISH, OR POULTRY: 

1 or more servings (4 0z or more). Occasionally beans, peas, lentils, 
or peanut butter may be substituted in order to meet a tight budget. 
In such a case, some milk, cheese, or an egg should be taken dur- 
ing the same meal. 

MILK: 


1 pt. This may be taken as whole or skim milk or in the form of 
cheese, puddings, custards, creamed soups, and other foods which 
contain fluid or dried milk. 1% oz cured cheese is roughly the nu- 
tritional equivalent of % pt milk. 


EGGS: 
At least 3 to 5 eggs per week. 


FRUITS: 


2 helpings, a helping of citrus fruit (or 4 oz of the juice) or of fresh 
tomatoes, berries, or cantaloupe and a helping of other fruits. 


VEGETABLES: 


1 helping of dark yellow or deep green leafy vegetables and 1 other 
serving, which may include other vegetables or a potato. 


WHOLE-GRAIN OR ENRICHED CEREALS OR BREAD: 
2 servings. This may be alternated with noodles or rice. 


BUTTER OR MARGARINE: 
2 tbsp. 


Sample Menus 


(Inexpensive and Light) 


BREAKFAST: 

Breakfast cereal with glass of milk 
Orange (or orange juice) 

Coffee or tea optional 

LUNCH: 

Chicken soup and crackers 

Egg or cheese sandwich 
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Sliced tomatoes 
Beverage 
DINNER: 


Hamburger steak 
Mashed potatoes 
Salad or vegetable 
Bread and butter 
Pudding 
Beverage 


BEDTIME SNACK: 
Chocolate milk or cheese; occasionally soft fruit 


(More Elaborate and Hearty ) 


BREAKFAST: 

Egg 

Buttered toast 

Milk 

Orange (or orange juice) 
LUNCH: 


Hot beef or ham sandwich 
Tomato—cottage cheese salad 
Jello 


Bevera ge 


DINNER: 

Fruit cocktail 

Tender Swiss steak 

Baked potato 

Spinach loaf or chopped spinach 

Roll and butter 

Ice cream (small serving) 

Beverage 

BEDTIME SNACK: 

Chocolate milk or cheese; occasionally soft fruit 


CHAPTER 20 
NUTRITION AND DENTAL HEALTH 


By reason of the anatomic structure and function of the oral cavity, its 
tissues are subject to a much wider variety of environmental stresses 
than other, more protected tissues in the body. In contrast to most other 
tissues which are normally sterile, the mouth is an ideal location for the 
growth and multiplication of a wide spectrum of microorganisms. The 
teeth and gums are subject to recurrent physical and chemical trauma 
by a variety of foods which differ considerably in temperature, consist- 
ency, texture, and acidity. The soft tissues of the mouth—gums, tongue, 
and the oral and labial mucosa—are very susceptible to metabolic 
abnormalities of nutritional origin. (The classical signs of nutritional 
deficiencies in these tissues are discussed in Chaps. 10 and 11, Vitamins, 
and Chap. 22, Malnutrition and Deficiency Diseases.) In the past few 
decades, as frank nutritional deficiencies like scurvy, pellagra, beriberi, 
and rickets are seen less in dental practice, attention has shifted in 
particular to the relationship between nutrition and the teeth proper. 
Since then, a correlation between specific nutritional abnormalities 
which occur during tooth development and the incidence of tooth decay 
has been recognized, and the daily dietary influences on dental caries 
have come under study as well. 


The Contemporary Concept of Tooth Decay 


Every tooth has an individual degree of susceptibility to decay which 
depends on its histologic and chemical make-up, which in turn is con- 
trolled by genetic and nutritional factors active during its development. 
This caries susceptibility or caries resistance of the tooth tends to remain 
basically unchanged during its lifetime. 

The activity of microorganisms is necessary to bring about destruction 
of tooth substance. This is presumably due to the action on the tooth 
of the acid end products of microbial fermentation. The oral cavity must 
contain an easily metabolized substrate which supports the metabolism 
and reproduction of the etiologic organisms; of all dietary components, 
carbohydrates are most implicated in enhancing tooth decay. The carbo- 
hydrates must be present in a form which prevents a speedy clearance 
from the mouth. Large amounts of sugar solution do not increase the 
incidence of decay significantly, but the same quantity of sucrose in the 
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form of sticky candy or jam, closely applied to the tooth surfaces, will. 

-The physical consistency and quantity of saliva also mediate the caries 
rate; it is yet undetermined whether this is due to the direct mechanical 
flushing action which removes the fermentation-supporting carbohy- 
drates, through some other suppressive action on the responsible micro- 
organism, or to inorganic ions contributed by the saliva and incorporated 
into the outer tooth structure. 


Nature and Development of Dental Tissues 


Any discussion of the influence of nutrition on tooth decay must be 
preceded by a consideration of the characteristics of dental structure 
and development. The teeth are composed of three hard, calcified tissues: 
the bony mass, or dentin; the hard, glossy, visible outer coating of the 
dentin, the enamel; and a thin, hard coating of the dentin below the 
gum level, the cementum. The dental pulp (commonly referred to as 
the “nerve” of the tooth) is located in the center of the dentin; it is 
made up of highly vascularized and innervated connective tissue which 
extends into the interior of each tooth from the trabecular part of the 
jaw. Though capillary and lymph vessels thus lead into the center of 
the tooth, there appears to be no connection between them and the 
dentin and enamel. In reality, very minute tubules penetrate the bony 
part of the dentin and very fine organic fibrils are located within the 
enamel, and these noncalcified structures may serve the dental tissues 
as channels of transport. Neither dentin nor enamel has the ability to 
repair mechanical injury, to replace decayed portions, or to re-form 
structures which have developed improperly. 

The life history of a tooth has three main subdivisions: the period 
during which the crown of the tooth is being formed and calcified in the 
jaw; a period of maturation during which the tooth is gradually erupting 
into the oral cavity and the roots are formed; and the long period during 
which the mature tooth functions in the mouth. In the case of the first 
molar, the life cycle may be illustrated as follows: (1) The first histologic 
forerunners of the crown are present at the time of birth. (2) During 
the next 2% to 3 years the organic precursors of the crown develop and 
are being calcified. (3) During the sixth or seventh year the crown 
erupts into the oral cavity, while the roots continue to develop until 
the ninth or tenth year. (4) The long, postdevelopmental period of 
maintenance of the tooth in the mouth follows. 


The Role of Nutritional Factors during Dental Development 


During the developmental period, the genetic make-up of the indi- 
vidual largely determines the peculiarities of the tooth structure and 
its composition, concurrently, the general health of the individual and 
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the availability of specific nutrients influence and modify the process 
of development. 

Characteristic malformations of tooth structures may occur as a result 
of vitamin A deficiency. In such cases, the enamel is hypoplastic and 
may be malformed; the dentin is poorly calcified, and at times the pulp 
is invaded by small calcified concretions. In severe vitamin C deficiency, 
dentin is laid down irregularly or not at all, and rarefication and weakness 
develop in the supporting alveolar jaw bone, with resulting looseness of 
the teeth. In human teeth, neither vitamin A nor vitamin C deficiency 
during the developmental phase has been clearly shown to result in 
subsequent increased caries susceptibility of the teeth. However, obser- 
vations in experimental animals would indicate that such a result might 
follow. Deficiency in vitamin D leads to disturbed calcification of the 
dentin and hypoplasia in the enamel of the permanent teeth. Most 
important, there appears to be a definite correlation between vitamin D 
deficiency during tooth development and incidence of later tooth decay. 

Fluorine is one of the most important dietary factors which influences 
the chemical composition of the developing tooth and its eventual suscep- 
tibility to decay. Extensive epidemiologic surveys have shown decisively 
that within the limits of 0 to 1 parts per million (ppm) there is an inverse 
relationship between the amount of fluoride ion ingested during the 
developmental phase and the incidence of tooth decay during sub- 
sequent childhood and adult life (Chap. 12). Wherever the water 
supply contains about 1 ppm of fluorine, the nonerupted and erupted 
teeth also contain a higher level of fluorine than in regions with fluorine- 
poor water. Apparently the increased fluorine content, particularly in 
the outer enamel, significantly increases the resistance of the tooth to 
decay. The safety of the controlled addition of fluoride to public water 
supplies to the extent of 1 to 1.2 ppm has been repeatedly demonstrated, 
as well as the distinctly lower rate of dental caries (50 to 60 per cent 
less tooth decay) which accompanies this procedure. 

An excessive intake of fluorine may lead to mottling of the enamel of 
the teeth. In extreme cases the enamel may become pitted and the teeth 
appear stained and corroded. Such dental fluorosis may be seen in a 
number of communities (particularly in the Texas panhandle and 
Colorado) where the water supply contains from 2 to 6 ppm of fluorine. 


The Role of Dietary Factors during the Postdevelopmental Period 


“The degree to which tooth decay will occur during the long functional 
period, after development and maturation are complete, depends to a 
large extent on the inherent qualities of the tooth; however, the oral 
environment and systemic dietary conditions serve as powerful influ- 
ences, and the ultimate fate of the tooth is determined by both sets of 


192 NUTRITION IN HEALTH 


factors. A diet rich in sticky carbohydrates with a poor clearance en- 
courages cariogenesis by creating conditions on the surface of the tooth 
and in its crevices which are favorable to microbial activity. Supple- 
ments of sugar when given with meals are less harmful than those 
administered between meals. Thus the form of the ingested carbohydrate 
and the length of its retention on the tooth are more important than the 
total amount of carbohydrate eaten. 

One of the most interesting, yet not fully explored aspects of dental 
caries is the influence of over-all systemic nutrition on teeth after their 
maturation. Recent experimental work, primarily with laboratory animals, 
indicates that dietary postdevelopmental influences cannot be ascribed 
solely to the accumulation of readily fermentable foodstuffs on the tooth 
surface. Apparently the quality of the diet has a profound influence on 
the well-being of fully matured teeth through systemic pathways, whether 
this is mediated by way of the general circulation and the pulp of the 
tooth or through the composition of the saliva. . 


Dietary Recommendations 


Present knowledge may be summarized in the following recommenda- 
tions. During the developmental period, the diet should be well balanced 
and should include foods from all basic categories. Special attention 
should be given to an ample supply of vitamin D, calcium, and phos- 
phorus. The available drinking water should contain about 1 ppm of 
fluorine, be it natural or attained through controlled fluoridation. (If 
the fluorine content of the natural water supply exceeds 2 ppm, as is 
the case in certain regions, it may be desirable to look for alternate 
sources of water or for methods to decrease the fluorine concentration. ) 
Once the teeth have formed, sticky high-carbohydrate foods with a slow 
clearance from the mouth should be avoided, and ingestion of such 
snacks between meals is best interdicted. An optimal, over-all nutritional 
status is desirable from the standpoint of continued dental well-being, 
as it is for general health considerations. 


CHAPTER 2| 


OBESITY AND LEANNESS 


Obesity and Health 


In the past decade or two, obesity has become a public health problem 
of considerable importance in the United States. At least 20 per cent of 
all adults are overweight to a degree which may interfere with optimal 
health, and obesity is becoming more important as more people live to 
an age when fat is easily acquired and hard to lose and chronic degenera- 
tive @iseases are common. Aside from the general problem of physical 
fitness, diet and obesity are now recognized as important factors in the 
causation, prevention, and treatment of many diseases. Obesity aggra- 
vates cardiovascular disease and osteoarthritis and increases the liability 
to hypertension, atherosclerosis, hernia, and gallbladder disease. Over- 
weight also facilitates the emergence of latent diabetes in predisposed 
individuals as they approach an advanced age and adds to the hazards 
of surgery; it makes for postural derangement, and in extreme cases it 
is the cause of obesity dyspnea with pulmonary insufficiency. It is also 
of interest that the mortality from cirrhosis of the liver in obese males 
is 249 per cent of the expected. 

Medicoactuarial statistics make it quite clear that the obese do not 
live as long as the lean, lending support to the old proverb, “He who 
eats to satisfy his palate digs his grave with his teeth” (or “. . . there 
is death in the pot... .” If Kings 4:40). The chief causes of death 
among overweight individuals are cardiovascular-renal diseases, dia- 
betes, and disorders of the liver and biliary tract. 


Causes of Obesity 


Obesity is frequently blamed on anything rather than ingestion of 
food: endocrine factors, body build, or heredity. Actually, obesity caused 
by endocrine dysfunction is exceptionally rare, and “familial” obesity, 
when scrutinized closely, is essentially of environmental rather than 
hereditary origin. What appears to be a genetically induced condition is 
more often merely a passing on of food habits from one generation to the 
next. Children tend to imitate their overeating parents, and once their 
food intake pattern has been established, the familial trend to over- 
weight is perpetuated. 

The essential, basic cause of obesity is an intake of calories in excess 
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of metabolic requirements. Obesity may be caused by an increased 
caloric intake in the presence of a constant energy output, or by a de- 
creased energy expenditure in the presence of a constant caloric intake, 
or by any relative variation of the two factors which makes for a caloric 
excess. A person need not be a “heavy eater” to have a positive caloric 
balance; individual calorie requirements vary enormously, and it is 
possible for a person of low metabolic rate, small size, and sedentary 
habits to be in positive caloric balance on what appears to be a very 
moderate food intake. The important fact is that small increments of 
caloric excess over a prolonged period of time can result in pronounced 
obesity. 

The youth of 18 in rigorous athletic training needs approximately 
4200 calories because he is still growing, his basal metabolic rate is 
relatively high, and his physical energy expenditure very great. The 
man of 22 who has stopped growing but does similar work needs about 
3600 calories; his counterpart working in an office may need only 2400 
calories, and while bedridden, approximately 2000 calories would more 
than suffice. As he becomes older and more sedentary and his metabolic 
rate decreases, 2000 to 2400 calories per day may well result in con- 
siderable overweight in this person, whose food habits have long since 
become ingrained and have remained unchanged despite his decreased 
caloric requirement. 

Present-day environmental conditions encourage overeating and a drop 
in physical activity. Mechanization has decreased hard physical labor 
in industry, farming, and the home. The work day is shorter, and the 
5-day work week has become the norm. The automobile and modern 
communications have done their share to decrease caloric expenditure, 
and recreation has become increasingly less active, descending the caloric 
ladder from participating sports to spectator sports to the viewing of 
spectator sports on television, preferably while recumbent and _ incor- 
porating refreshments. 

The rising standard of living has encouraged an increased food intake. 
Since income has risen, more money is spent on food and more emphasis 
is being placed on the tastier, calorie-rich foods. At the same time, 
modern food processing and packaging and the convenience of food 
shopping and eating out have not served to curtail individual food intakes. 


Motives for Overeating 


On the average, most eating patterns are determined by the social 
environment, primarily the immediate family and secondarily the regional 
or ethnic group. Though the cultural pattern and family training are 
important factors, individual preference is nevertheless the most im- 
portant consideration, and the pleasures of the table being gratifying 
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indeed, there is little reason why most individuals would instinctively 
or consciously restrain their food intake. It is to be expected that many 
will indulge in this form of physical pleasure, which demands few 
prerequisites on the part of the participant and which may be had at 
a moment's notice and without the collaboration of others. Indeed, as the 
individual ages, food is one of the few pleasures easily attainable, and 
it is readily understood why the middle-aged person instinctively pre- 
serves his customary mealtime habits and finds food of more importance 
than ever. 

The motives which induce people to overeat beyond actual needs are 
not always as simple as inferred above. The importance of emotional 
and psychologic motivation has become increasingly accepted in con- 
sidering obesity. The psychology of food intake is discussed in detail 
in Chap. 1; suffice it to mention here that the gratification of conscious 
or unconscious emotional needs is behind many more cases of overeating 
than would be suspected on cursory observation. 

Psychologic obesity may be broadly divided into two forms; develop- 
mental and reactive. Developmental obesity, the common childhood 
variety, involves the entire growing personality. Such an individual shuns 
ordinary activities and tends to have few social contacts. Eating and 
the consequent obesity are a compensating refuge from insecurity, anxiety, 
impotence, defeat, and a feeling of loneliness and social isolation. The 
resultant ungainly appearance frequently serves as the alibi for failures. 

Reactive obesity generally does not begin in childhood. It has its roots 
in some upsetting experience, such as homesickness, breaking up of a 
love affair, illness, or death of a dear person. Here too, overeating may 
constitute the compensating, balancing factor in adjustment to life and 
may prevent more serious disturbances. 


Treatment 


The treatment of obesity should be considered a long-range project; 
no one method is applicable to all persons, and setbacks, either temporary 
or permanent, must be expected. The immediate object of treatment is 
to reverse the state of caloric excess and to obtain a negative caloric 
balance. Such a caloric deficiency forces the body to metabolize endoge- 
nous materials in order to obtain the energy required for its vital activi- 
ties. At first the readily available glycogen reserves are used up. This 
is followed by the simultaneous utilization of small amounts of protein 
from the body’s metabolic pool and of fat from its fat depots. Eventually, 
while increasingly smaller quantities of protein are catabolized, the 
caloric deficit is made up primarily by energy obtained from the break- 
down of fat reserves. A general, gradual shrinkage of adipose tissues takes 
place, and the body weight continues to decrease as long as the negative 
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caloric balance is maintained. Once the undesirable excess weight has 
been lost, the caloric intake and expenditure may then be adjusted to 
maintain the desirable body weight. 


Exercise 


The desired caloric deficit may be brought about through a decrease 
in caloric intake or an increase in physical activity. In theory, an increase 
in physical activity, without a major compensatory adjustment of the 
food intake, is bound to accelerate the correction of obesity. In practice, 
a sudden increase in physical exercise alone is sometimes a disappointing 
measure. Walking a mile uses up only about 92 calories, representing the 
caloric value of 1.1 ounces of bread or 1.5 ounces of ice cream. 

It has been said that sporadic attempts at unaccustomed physical 
exercise may serve to stimulate the appetite of the individual and thus 
may ultimately defeat the desired purpose. 

Actually, the performance of exercise is not automatically followed by 
an increase in food intake. This increase in food intake appears to take 
place only if the individual was fairly active to start with. If he was 
sedentary, his physical activity may be stepped up in many cases with 
little or no increase in appetite. (Conversely, if activity is decreased 
below a certain point, which depends on the individual, appetite does not 
decrease correspondingly; the result, of course, is accumulation of fat. ) 

The energy cost of moving or supporting the body is proportional to 
body weight; hence the caloric expenditure of a given physical activity 
is greater for the obese person. Exercise tends to improve muscle tone 
and circulation and is thus desirable as a general health measure. Phys- 
ically active persons tend to have a more stable weight than inactive 
individuals. In brief, regular, sustained, mild to moderate exercise plays 
a desirable role in the correction of overweight, provided a control is 
simultaneously exercised over caloric intake. 


Low Calorie Diets 


Decreasing the intake of food calories is generally the major factor in 
obtaining a negative caloric balance. There are two prerequisites to any 
beneficial reducing diet: (1) it must supply the nutritional requirements 
of the individual; i.e., it must contain all essential nutrients in preferably 
optimal, and at least minimal, quantities. (2) It must supply fewer 
calories than the individual expends each day. Unless both requirements 
are met, the particular regimen is not a bona fide reducing diet and may 
be either ineffective or harmful when used over a prolonged period. (An 
exception to this are extremely low calorie diets accompanied by phy- 
sician-prescribed, specific nutritional supplementation. It is sometimes 
difficult or impractical to supply optimal amounts of all essential micro- 
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nutrients in an 800 to 1000 calorie diet; in such cases the physician will 
often prescribe a specific preparation to prevent any possible mineral 
or vitamin deprivation.) Many widely publicized fad diets are based on 
bizarre intake patterns or emphasize the exclusive use of a small number 
of food items (“steak diet,” “egg diet”). Needless to say, such diets 
belong in the domain of the nutrition faddist of the birdseed-and-molasses 
school. 

Reducing diets which are used for limited periods of time may be 
quite useless at times; in many cases, the individual—his limited objective 
achieved—will revert to his habitual pattern of food intake and the 
temporary gain will soon be wiped out. To achieve permanent results 
the goal must be a permanent lifelong change in food habits. 

A workable reducing diet can be based on the recommendations for 
the normal adult diet in Chap. 15. These recommendations make pro- 
visions for adequate supplies of proteins, vitamins, and minerals. Ad- 
herence to these recommendations ensures adequate nutrition without 
providing an excess of calories. The caloric intake may be decreased 
further by the judicious reduction in the quantity of food items which 
are primarily of fat or carbohydrate nature (butter, cream, gravy, salad 
oils, cake, noodles, rice) and by the elimination of food items which are 
not mentioned in Chap. 15 but which may make up a considerable per- 
centage of the food intake of the average person: candy, carbonated 
beverages, pastries, alcoholic beverages (beer in particular), potato 
chips, and the like. 

It is imperative that the diet selected be reasonably compatible with 
the food pattern to which the obese individual is accustomed. The 
change-over to a lowered caloric intake represents a physiologic and 
psychologic strain which should not be aggravated by the additional 
introduction of a major gustatory conflict into the picture. A reducing diet 
which conforms to the reducer’s food preferences is one to which he be- 
comes accustomed more easily and which is more likely to be adopted 
by him eventually, with inevitable personal adaptations, as a permanent 
food pattern. The qualitative make-up of the reducing diet must never 
tax the patience of its consumer, since the long-range success of the 
regimen depends on the fat person’s permanent adoption of a more 
reasonable food pattern based, to a large extent, on his low calorie diet. 

In planning the weight reduction of an obese person the question of 
how much to reduce the caloric intake always arises. Some individuals 
have been habitual heavy eaters and have always had numerous snacks 
between meals. In their case, restriction to the three regular meals and 
black coffee might be sufficient. Many fat people, however, have already 
reduced their diet without success, and a drastic caloric limitation is 
necessary. The caloric content of the reducing diet will vary with the 
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individual and his metabolic needs. In one case an 1800 calorie diet, 
containing about 90 grams protein, 60 grams fat, and 225 grams carbohy- 
drate, might be indicated, while another more sedentary subject may 
require a 1200 calorie diet, containing roughly 60 grams protein, 40 grams 
fat, and 150 grams carbohydrate. Some workers consider it unnecessary 
to specify the respective amounts of protein, carbohydrate, fat, and 
calories, but give the subject printed diet lists. This is a very expedient 
method when a trained dietitian is available to formulate such diets. In 
hard-core cases and when a dietitian is not available, it may work out 
better to thoroughly acquaint the subject with the recommendations 
contained in Chap. 15 and to teach him the nutritive value of the major 
food groups (Chap. 14) as well as of individual food items—the latter 
with the aid of tables of food composition. 

It is important to obtain some results as soon as possible, otherwise the 
subject becomes discouraged quickly and loses confidence in his reducing 
diet. On the other hand, too rapid a weight loss is undesirable since the 
individual will feel nervous, weak, and irritable and his skin will not be 
able to regain elasticity in step with the rapid reduction in the sub- 
cutaneous adipose tissues. If the total daily caloric intake of a person is 
reduced by 500 calories, he should normally lose about 1 pound weekly. 
(About 3500 calories are the equivalent of 1 pound of body weight.) 
Ideally the subject should lose weight at a slow but steady rate, 1 to 2 
pounds per week, until a reasonable weight for his height and age is 
reached. At this point the caloric value of the diet may be gradually 
increased to stabilize the body weight at the desired level. A careful 
watch must be kept on the subject’s weight and food intake for some 
time to come to prevent his backsliding into his previous pattern. It is 
important that the subject be seen regularly by a physician during any 
drastic attempt at reducing, so that any adverse symptoms which arise 
may be treated and the diet modified and so that encouragement may 
be given. 


Psychiatric Support 


For many persons, being overweight is a mechanism which permits 
adjustment to life. In cases where emotional motivations underlie the 
obesity, correction may be extremely difficult and even dangerous, since 
overeating may prevent a more serious disturbance. Psychotherapy may 
well be necessary before the obesity can be corrected. 

It is thus important to determine, to the degree that this is possible, the 
cause of the obesity and to critically examine the subject’s motive for 
wanting to lose weight. Sometimes it is helpful to trace a weight curve 
through the individual’s life and to attempt to relate high and low points 
to corresponding life circumstances and occurrences. Clarification of the 
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reasons for failure to reduce before—or for possible relapses after 
previous attempts at weight reduction—should also be obtained. 


Other Measures 


The average obese individual will welcome any preparation which 
will curb his appetite or assist in other ways his attempts to lose weight. 
A variety of such pharmaceutical aids exist, based on different principles 
of approach. (Most physicians do not regard these as desirable measures; 
they are mentioned here for the sake of completeness.) The most in- 
nocuous, though not necessarily desirable, are bulk-producing substances 
which act by filling the stomach and presumably curb hunger pangs with- 
out adding many calories to the body economy. These are usually non- 
metabolized vegetable gums like methylcellulose; they are taken before 
regular mealtimes, followed by relatively large quantities of water. The 
wetted gum swells into a plastic mass which fills the stomach and may 
decrease the subsequent food intake at mealtime by producing a false 
feeling of satiety. In practice, these bulk-producing substances help less 
than half of those who try them, and they have only temporary value. 
They should not be used unless prescribed by a physician, since they are 
not always harmless. Their overzealous use may be accompanied by 
the production of nutritional deficiencies, and they are thus not too 
desirable, especially in the wrong hands. 

Other bona fide pharmaceutical preparations include appetite depres- 
sants of the amphetamine type. These produce a certain amount of 
euphoria, decrease the urge for excessive eating, and thus make dietary 
restrictions more tolerable. Their effect is only temporary, and the indi- 
vidual using them may become habituated to them. Being central nervous 
system stimulants, they have undesirable excitatory side effects ranging 
from insomia (when taken at dinnertime) to nervousness, increased pulse 
rate, palpitations, and a temporary rise in blood pressure. Such prepara- 
tions should be used only on specific medical advice, especially since they 
constitute a certain risk to individuals who are nervous, hypertensive, or 
who suffer from heart disease. 

Substances which raise the basal metabolic rate and thus increase 
caloric expenditure (for instance, thyroid extract) have also been used in 
selected cases in an effort to reduce an obese individual who appears 
refractory to attempts at weight reduction by diet alone. The use of 
such preparations for reducing purposes is not justified. 


Prevention 

Prevention of obesity is much more desirable than treatment of the 
condition once it is established. Prevention is accomplished more easily, 
and it avoids the damage to the obese person’s health as well as the 
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unpleasantness and anguish associated with obesity and its subsequent 
treatment by dietary restriction. To be effective, prevention must start 
in early childhood. Mothers who believe that large, fat children are 
invariably strong and healthy are mistaken; if overfeeding of the young 
child is followed by encouragement of overeating on the part of the grow- 
ing youngster, the habit may persist and be carried into adulthood. It is 
especially important that overweight parents recognize their responsibility 
to their children in this respect. Housewives in particular should be in- 
formed of proper eating habits, and children and adolescents should be 
trained early. The key figure in the striving for future longevity and well- 
being is perhaps the teen-age girl. It is she who will soon bear children 
(and who will determine by her own dietetic practices to a large degree 
the start which they get in life), and it is she who will directly and 
indirectly, being the cook and food purchaser, determine the food pat- 
tern of her entire family. 


Underweight 
Broadly speaking, any excess of food supplied to the body beyond its 


metabolic needs will be stored up in the form of fat. However, some per- 
sons find it difficult to achieve a normal gain in weight, probably due to 
overactivity, chronic lack of appetite, illness, malnutrition, or some de- 
ficiency in assimilative power. 

As a rule, in order to assure the laying on of body fat one has to supply 
an excess of food beyond the caloric expenditure of the individual. One 
important means of bringing about such a positive caloric balance is to 
diminish the expenditure of energy. For this reason, physical rest is an 
important aid for those who should gain weight. The diet should be 
built around the items mentioned in Chap. 15 and should supply quan- 
tities above and beyond what the lean person is used to consume. Respect 
should be paid to the gustatory preferences of the individual, since it 
would be useless to prescribe extra food which he refuses to eat. 

Fat itself is the most concentrated of calorie-yielding foods. It may be 
given in the form of butter, gravies, cream, ice cream, pork, well marbled 
meat, and fat poultry or fish. Carbohydrates are very useful since extra 
amounts may be added to the diet easily without becoming too repugnant 
to the subject and because they have a rapid gastrointestinal clearance, 
in contrast to fat, which slows gastric motility and imbues the person with 
a feeling of fullness and satiety for many hours. Protein yields fewer 
calories than fat, but during attempts to increase weight extra quantities 
are needed to establish a positive nitrogen equilibrium, Actually, protein 
will be assimilated in the form of muscle tissue primarily under condi- 
tions of increased muscular exercise or when the body musculature has 
previously wasted in the course of illness or undernutrition. Nevertheless, 


OBESITY AND LEANNESS 201 


TABLE 35. DrstiRABLE Bopy WEIGHTS 


The following are average normal weights for men and women over 25, graded 
according to body frame. These charts allow about 8 lb for men’s clothing and 4 lb for 
women’s. To arrive at the normal weight of girls 18 to 25, subtract 1 Ib for each year 
under 25. 
ee 

Men 
a a A a a 
Weight in pounds, as ordinarily dressed, 


Height (with shoes on) : ; , 
including shoes and sutt 














Feet Inches Small frame Medium frame Large frame 
5 2 116-125 124-133 131-142 
5 3 119-128 127-136 133-144 
5 4 122-132 130-140 137-149 
5 5 126-136 134-144 141-153 
5 6 129-139 137-147 145-157 
5 * 133-143 141-151 149-162 
5 8 136-147 145-156 153-166 
5 9 140-151 149-160 157-170 
5 10 144-155 153-164 161-175 
5 11 148-159 157-168 165-180 
6 0 152-164 161-173 169-185 
6 1 157-169 166-178 174-190 
6 2 163-175 171-184 179-196 
6 3 168-180 176-189 184—202 

Women 
Height (with shoes on; Weight in pounds, as ordinarily dressed, 
2-inch heels) including shoes and dress 

Feet Inches Small frame Medium frame Large frame 
4 11 104-111 110-118 117-127 
5 0 105-113 112-120 119-129 
5 1 107-115 114-122 121-131 
5 2 110-118 117-125 124-135 
5 3 113-121 120-128 127-138 
5 4 116-125 124-132 131-142 
5 5 119-128 127-135 133-145 
5 6 123-132 130-140 138-150 
5 7 126-136 134-144 142-154 
5 8 129-139 137-147 145-158 
5 9 133-145 141-151 149-162 
5 10 136-147 145-155 152-166 
5 11 139-150 148-158 155-169 
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as new fat depots are laid down, new supporting tissues and a greater 
blood volume are needed as well, and a positive nitrogen balance is a 
prerequisite for the formation of such tissues and blood constituents. 

The appetite of the subject should be encouraged by any effective 
means. At times a glass of dry wine serves as an efficacious appetizer; if 
the subject is a heavy smoker, reduction of smoking or outright cessation 
will often initiate a gain in weight. The high calorie regimen should be 
kept up until the desired weight for the subject’s height is reached. At this 
point the caloric intake is gradually reduced to a level which permits 
maintenance of the new body weight. 


Desirable Body Weights and Caloric Intakes 


Table 35 details average normal weight for men and women over 25, 
graded according to body frame. The table allows about 8 pounds for 
men’s clothing and 4 pounds for women’s. Age is not specified; the values 
are for persons 25 to 30 years of age, and the premise is that no further 
weight change with age is desirable. The normal weight of girls 18 to 25 


TaBLe 36. CaLortre ALLOWANCES ACCORDING TO DESIRABLE Bopy WEIGHT AND AGE 
(At mean environmental temperature of 20°C and assuming moderate physical activity) 











Desirable weight Calorie allowance 
Men 
Pounds 25 years 45 years 65 years 
110 2500 2350 1950 
121 2700 2550 2150 
132 2850 2700 2250 
143 3000 2800 2350 
154 3200 3000 2550 
165 3400 3200 2700 
176 3500 3350 2800 
187 3700 3500 2900 
Women 

88 1750 1650 1400 

99 1900 1800 1500 
110 2050 1950 1600 
121 2200 2050 1750 
128 2300 2200 1800 
132 2350 2200 1850 
143 2500 2350 2000 
154 2600 2450 2050 
165 2750 2600 2150 


Ee Mee PS Te 
a . e,° * 
Source: Food and Nutrition Board, National Research Council. 
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may be arrived at by subtracting about one pound for each year under 
25. The table recognizes the fact that, within the same height class, body 
weights must differ in accordance with relative skeletal breadth; un- 
fortunately there is no accepted system for evaluating into which frame 
classification a particular individual belongs. 

Table 36 gives calorie allowances for individuals of various ages and 
body weight, as recommended by the Food and Nutrition Board of the 
National Research Council. Both tables may be used as guides to the 
desired body weight and caloric intake of individuals. 

While such tables have their value, it must be emphasized that they 
may have less validity for general application than may be apparent at 
first glance. In actual practice it is better to determine whether the indi- 
vidual is fat or lean, rather than decide whether he is overweight or 
underweight according to the chart. The skinfold thickness and the pres- 
ence or absence of fat pads over the buttocks and abdomen may give 
a truer picture than the body weight as such. Occult edema must be 
ruled out in what may otherwise be an undernourished person. Once the 
nutritional state has been determined, clinical judgment may still over- 
tule the dictates of the weight chart, since it may well be more desirable 
to keep the diabetic individual lean and the tuberculous patient fat or 
to preserve the emotional balance of the obese person with psychiatric 
problems. On the whole, though, these are the individual exceptions, not 
the rule. 
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NUTRITION IN DISEASE 





CHAPTER 2) 


MALNUTRITION AND 
DEFICIENCY DISEASES 


Malnutrition 


Malnutrition is a state of impaired functional ability or deficient 
structural integrity or development brought about by a discrepancy be- 
tween the supply to the body tissues of essential nutrients and the specific 
biologic demand for them. The causes of malnutrition are as manifold as 
its clinical and subclinical manifestations. Primary malnutrition is the 
result of insufficient intake of essential nutrients because of lack of food 
(crop failure, war, poverty), regional lack of availability, improper selec- 
tion of foods, economic depression, edentia, prolonged imprisonment, and 
a host of other factors, many of which are concerned with the external 
environment. Many cases of malnutrition in individuals are not necessarily 
the result of a deficient dietary intake, but are caused by physiologic 
failure beyond the ingestion stage; for example, a nutritional deficiency 
may develop as the result of failure to absorb normally an essential nu- 
trient which is supplied by the diet in adequate quantities. Similarly, 
nutritional deficiencies may be brought about by impaired digestion, ab- 
normal intermediate metabolism, excessive excretion, and increased bio- 
logic requirements. Such secondary or conditioned deficiencies may 
occur, in the face of what may otherwise be an adequate dietary intake, 
in the case of gastrointestinal diseases with rapid emptying time, vomit- 
ing, and diarrhea, in pancreatic or biliary diseases which interfere with 
normal digestion and absorption, in liver diseases with impaired hepatic 
function, or when rapid growth, closely spaced pregnancies, lactation, 
surgery, injuries, extensive burns, and febrile or metabolic diseases in- 
crease the body’s requirements for one or more nutrients. 

Not only are the conditions numerous which predispose to nutritional 
deficiency, but they are usually multiple and simultaneous in operation. 
Thus in underdeveloped areas of the world widespread malnutrition is 
not just the result of one factor—poverty—but ignorance, religious or 
cultural taboos, as well as intercurrent chronic parasitic infections, play 
an important compounding role. Just as there is usually more than one 
predisposing condition at work, ordinarily more than one nutritional 
factor is in deficient supply. Thus the individual who suffers from a well- 
defined deficiency of a single essential nutrient is the exception; as a 
rule a number of deficiencies involving more than one dietary factor are at 
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work concurrently and simultaneously or sequentially bring about an 
impaired nutritional status and multifaceted disease picture. For instance, 
the skid-row alcoholic who has neglected his diet for years usually bears 
multiple stigmata of malnutrition, from the polyneuritis of athiaminosis, 
through the pellagrous “wine sores” on his skin, to the hepatic damage 
which is secondary to a deficient intake of high quality proteins. The 
occurrence of simultaneous multiple deficiencies complicates the nutri- 
tional rehabilitation of the malnourished individual considerably, and the 
treatment of single deficiencies in a generally and chronically malnour- 
ished patient is as effective in bringing about an improvement as the 
granting of a loan to settle a single debt of a business burdened by a long- 


standing accumulation of financial obligations. 


Pathogenesis of Deficiency Diseases 


Though it would be difficult to separate and pinpoint the individual 
stages, the pathogenesis of a deficiency disease may be looked upon as 
a continuous, progressive development which, if not interrupted at some 
point by remedial action, may advance to the final full-blown clinical 
picture which characterizes the specific disease. 

This development starts with nutritional inadequacy because of primary 
or secondary factors (see above); eventually the body reserves of the 
nutrient (or nutrients) in inadequate supply become depleted. When 
tissue depletion has reached a critical point, it interferes with the normal 
biochemical reactions in selected tissues or in the body at large. This will 
initially result in functional changes such as increased fatigability or 
abnormal gastrointestinal or neurologic function. As the nutritional de- 
ficiency continues, minor, and eventually major, anatomic lesions develop 
and gross clinical signs and symptoms become manifest. 


Manifestations of Malnutrition 


The manifestations of nutritional deficiency are legion. The individual 
signs and symptoms have been described in the preceding chapters deal- 
ing with the food elements; they ran the gamut from obscure changes 
in the composition of the body fluids to major skeletal deformities, from 
functional disabilities (like the night blindness of avitaminosis A) to the 
fatal protean disease picture of kwashiorkor. It is important to remember 
that at present the less dramatic, more generalized (and generally less 
appreciated ) constitutional manifestations of nutritional neglect—retarda- 
tion of growth, weakness, loss of weight, increased susceptibility to infec- 
tion, retarded convalescence in disease, slight anemia, mental depression, 
decreased ability to handle biologic stress situations—are considerably 
more widespread and in toto probably more significant than the more 
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impressive, but commonly less frequently seen, textbook pathology of 
the classical nutritional deficiencies. 

The major deficiency diseases, their clinical manifestations and their 
treatment, are individually described in the sections which follow. A 
detailed discussion of the biochemical and physiologic basis which under- 
lies the clinical manifestations is found in the respective chapters in 
Part 2 of this book. 


Avitaminosis A 


Etiology 


Primary vitamin A deficiency is due to inadequate intake of vitamin 
A or its precursors, the carotinoids. Secondary vitamin A deficiency is 
the result of impaired absorption of the fat soluble vitamin, as is the case 
in the diseases associated with steatorrhea—sprue, celiac disease, muco- 
viscidosis (Chap. 26); secondary deficiency also occurs in the absence 
of sufficient bile in the intestine, after surgical removal of major portions 
of the bowel or as a result of the excessive use of mineral oil. Other causes 
for secondary or conditioned avitaminosis A are failure to convert dietary 
carotene into the biologically active vitamin A, as in severe liver diseases, 
diabetes, and hypothyroidism, and depletion of reserves, as in pregnancy 
and lactation. Vitamin A stores in previously well-nourished adults usu- 
ally suffice to prevent clinical manifestations of avitaminosis A even after 
many months of complete deprivation. In contrast, vitamin A deficiency 
may be produced more readily in infants since they are born with rela- 
tively small reserves of the vitamin. 


Signs and Symptoms 


The basic pathology of avitaminosis A is hyperkeratinization of the 
skin at large and a keratinizing metaplasia in the linings of the respiratory, 
gastrointestinal, and genitourinary tracts and endocrine, salivary, sebace- 
ous and lacrimal glands. Avitaminosis A also results in night blindness 
since the vitamin is a component of the visual purple of the rods of the 
retina (Chap. 10). 

In children, retarded growth may be a result of the deficiency, though 
night blindness and progressive xerophthalmia (dryness of the cornea 
and conjunctiva) are more common. Xerophthalmia is the result of meta- 
plasia of the paraocular glands with loss of their secretions and of meta- 
plastic changes in the conjunctiva. The full-blown syndrome of xerophthal- 
mia comprises Bitot’s spots on the conjunctival membrane, a wrinkled 
and lusterless conjunctiva, secondary conjunctivitis, and a scaly blephar- 
itis with canthal fissures. This may progress to keratomalacia and blind- 
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ness from panophthalmitis. This is not seen in the United States, but is 
not uncommon in some parts of the world. Generalized dryness of the 
skin may be observed in infants, but follicular hyperkeratosis is rare in 
childhood. 

Xerophthalmia is rare in the adult, but decreased dark adaptation and 
eventual night blindness are common. Xeroderma (dryness and roughen- 
ing of the skin, with some measure of itching) is followed by follicular 
hyperkeratosis on the lateral aspect of the arm and extensor surface of 
the thigh; an associated thickening of the keratin layers of the skin on the 
palms and soles and accentuation of skin markings are not uncommon. 


Treatment 


Treatment consists of administration of therapeutic amounts of vitamin 
A, correction of the pattern of dietary intake, and in the case of secondary 
or conditioned deficiency, therapy of the underlying disease or correction 
of the responsible condition. In young children the daily oral administra- 
tion of 10,000 I.U. of vitamin A for 1 to 2 weeks usually sufficés; in adults, 
25,000 I.U. is required. Where the possibility exists that dietary fat, in- 
cluding the fat soluble vitamin A, is not properly absorbed, the newer 
water miscible vitamin A preparations are indicated and a wetting agent 
(polysorbate 80) should be taken with each meal in capsule form. In the 
event that the deficiency does not respond to oral therapy, intramuscular 
supplementation is necessary at the rate of 40,000 to 80,000 I.U. daily for 
one week followed by 40,000 I.U. every 3 to 6 days. 

Once the therapy of avitaminosis A has been successful, a recurrence 
should be prevented by a prophylactic diet. It is not sufficient merely to 
prescribe a “well-balanced diet.” Detailed dietary instruction is necessary 
which emphasizes the routine inclusion of foods high in vitamin A (Chap. 
10) in the daily diet. 


Vitamin D Deficiency 


(Rickets, Osteomalacia) 


Etiology 


Deficiency in vitamin D leads to inadequate intestinal absorption of 
calcium and phosphorus and an increased loss of both minerals via the 
urine and feces. There is usually an attendant moderate decrease in 
serum calcium and a pronounced fall in serum phosphorus levels, and in 
an effort to maintain normal blood calcium levels, calcium is mobilized 
from bone. In adults the resultant generalized skeletal demineralization is 
referred to as osteomalacia. 
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In infants and children the disease entity caused by vitamin D defi- 
ciency, rickets, differs considerably from osteomalacia since here the skele- 
ton is still in the process of active growth and development. Here the or- 
ganic cartilaginous matrix which preceeds hard bone formation is formed, 
but calcium and phosphorus salts are not deposited in it. Epiphyseal cartil- 
age cells do not degenerate, as is the case during normal bone formation, 
and there is no continued expansion of capillaries and subsequent mineral- 
ization along longitudinal growth lines. New cartilage continues to form, 
resulting in an irregularly widened epiphysis. In severe vitamin D de- 
ficiency of long standing, resorption of the cancellous bone of the diaphysis 
and of cortical bone may be observed. The combination of retarded or 
insufficient mineralization and the normal gravitational and mechanical 
stress eventually results in skeletal malformations. 

“Fundamentally, vitamin D deficiency results from inadequate exposure 
to ultraviolet light (Chap. 10). In the absence of sufficient endogenous 
production in the irradiated skin, the individual depends on dietary intake 
of the preformed exogenous vitamin, and primary vitamin D deficiency 
is thus the combined result of inadequate exposure to sunlight and de- 
ficient dietary intake. Because of interference of the skin pigment with 
optimal endogenous vitamin D synthesis, the need for dietary vitamin D 
in the dark-skinned races (particularly in temperate climates and northern 
locations) is especially great. 

Secondary vitamin D deficiencies are the result of failure to absorb 
the vitamin adequately from the intestine and are usually caused by the 
same conditions enumerated in the section dealing with secondary avita- 
minosis A (see above). 


Signs and Symptoms 


In early rickets there may be few physical findings except irritability 
and restlessness during sleep. Closure of the cranial fontanelles is delayed, 
and the affected infant crawls or walks late. A soft, yielding skull (carnio- 
tabes) is one of the earliest physical signs; this is followed by beading of 
the ribs at the costochondral junction (rachitic rosary) and enlarge- 
ment of the epiphyseal ends of the long bones. Eventually, weight bear- 
ing and mechanical stress cause bowing of the legs, knock-knee, lateral 
thoracic depressions at the sites of attachment of the diaphragm ( Harri- 
son’s grooves), and the characteristic pigeon-chest deformity of the rib 
cage. 

Roentgenologic examination may be diagnostic even before clinical 
signs appear. The most characteristic changes are diminished calcification 
of existing bone, cupping at the lower ends of the radius and ulna, and 
a frayed appearance of the diaphyseal ends of the long bones near the 
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growing epiphysis. Cupping occurs because in rickets the cartilage-shaft 
junction is weak and yields under mechanical strain; as a result, the 
growing cartilage cells fan out to the periphery. 

In osteomalacia of adults, demineralization is pronounced in the spine, 
pelvis, and legs. Gravitational stress on the softer bones causes com- 
pression of the affected vertebrae, bowing of the long bones, and a com- 
pression deformity of the pelvis. 

In infants or adults alike, the hypocalcemia of rickets or osteomalacia 
predisposes to rachitic tetany. In most cases this is manifested by neuro- 
muscular hyperirritability, but it may progress to carpopedal spasms, 
generalized spasticity, and even convulsive seizures as the serum calcium 
level drops below 7 milligrams per 100 cc. 


Treatment 


As long as the dietary calcium and phosphorus intake is adequate, un- 
complicated rickets may be treated solely by administration of vitamin D. 
The recommended daily dosage varies from 2,000 I.U. on up, depending 
on the individual’s response. The initial dosage of 2,000 I.U. may have 
to be increased to 20,000 I.U. in infants and 40,000 I.U. in children if the 
condition remains refractory and provided renal hyperparathyroidism 
(which does not respond to vitamin D) has been ruled out. The first sign 
of improvement is a rise in serum phosphorus, which is commonly ob- 
served by the second week; this is usually followed by bone mineraliza- 
tion within 2 to 4 weeks of initiation of treatment. Ossification may be 
demonstrated by x-ray examination. Once an initial response has been 
obtained, the therapeutic dosage of vitamin D maybe gradually scaled 
down to the prophylactic level of 400 I.U. 

In the case of malabsorption, water miscible vitamin D should be given, 
and if this fails, parenteral administration should be resorted to. When 
large therapeutic doses of vitamin D are given, the physician must be 
on the lookout for signs of hypervitaminosis D. If the serum calcium level 
reaches 12 milligrams per 100 cc or if calcium casts appear in the urine, 
vitamin D administration must be ‘stopped immediately and the urine 
should be acidified to prevent calculus formation (Chap. 30). 

If hypocalcemic tetany complicates infantile rickets, intravenous cal- 
cium should be given (10 cc of 10 per cent calcium gluconate adminis- 
tered slowly, intravenously ). 


Prophylaxis 


Vitamin D deficiency may be prevented by adequate exposure of the 
infant to sunlight or by feeding vitamin D. The latter is less subject to 
the vagaries of climate and season and thus more dependable. A minimum 
of 400 I.U. of vitamin D should be administered daily to the full-term 
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infant. Premature infants require the same amount; they should receive 
400 I.U. of the water miscible form of the vitamin, which will be ab- 
sorbed even in the face of impaired fat absorption. 

Vitamin D may be given in a variety of forms, as cod-liver oil, other 
fish-liver oils, or as part of a pediatric multivitamin preparation. Vitamin 
D milk is whole milk which has been fortified to contain 400 I.U. of the 
vitamin per quart. Practically all commercial brands of non-sweetened 
evaporated milk are enriched with vitamin D to yield 400 I.U. per quart 
after proper dilution. Excessive administration of the pure vitamin may 
lead to hypervitaminosis D (Chap. 10) and must be cautioned against. 

Adult osteomalacia due to vitamin D deficiency is not common. Osteo- 
malacia due to deficiency in vitamin D and calcium may be found after 
prolonged starvation or in pregnancy complicating malnutrition of long 
standing. It is felt that adults whose diet is not deficient in calcium and 
who possess a well-mineralized skeleton do not require supplementary 
amounts of vitamin D above and beyond their tissue stores of this vitamin 
and the quantities supplied by endogenous synthesis and by an average 
diet. In all cases of suspected osteomalacia, postmenopausal osteoporosis 
must be ruled out. 


Thiamine Deficiency 


( Beriberi ) 


Etiology 


Primary thiamine deficiency is the result of inadequate dietary supply. 
In Southeast Asia where the dietary of the poor strata of the population 
consists primarily of polished rice and little else, beriberi is still common. 
Not only is the thiamine content of polished rice negligible, but the pre- 
dominance of carbohydrate in the diet raises the metabolic thiamine re- 
quirement (Chap. 11) and helps to precipitate the disease. Beriberi is 
quite common when pregnancy and lactation raise the individual's 
thiamine requirement, and breast-fed infants may display symptomatol- 
ogy, since the milk of the malnourished mother may be deficient in 
thiamine. Most cases of thiamine deficiency in the United States and the 
Western world are found among chronic alcoholics who have a notoriously 
poor dietary intake due to the replacement of potential thiamine-contain- 
ing foods with alcohol, which may supply part of the caloric requirement 
of the individual. 

In many instances, especially in the United States, where the diet is 
likely to contain more thiamine, conditioning factors are at work to pre- 
cipitate the clinical manifestations of athiaminosis. These factors may be 
conditions which raise the thiamine requirement—pregnancy, lactation, 


214 NUTRITION IN DISEASE 


pyrexia, hyperthyroidism—or diseases which interfere with proper ab- 
sorption or utilization and hepatic disorders. 


Signs and Symptoms 


The earliest manifestation of thiamine deprivation is a syndrome of 
neurasthenia which comprises lack of initiative, anorexia, mental depres- 
sion, irritability, poor memory, easy fatigability, inability to concentrate, 
and vague abdominal and cardiac complaints. With advancing deficiency, 
neurologic symptoms appear in the form of a bilateral, symmetrical peri- 
pheral neuropathy which involves at first the longest nerve pathways, the 
most distal parts of the lower extremities. The neuritis is characterized by 
paresthesias (“pins and needles”) of the toes followed by burning sen- 
sations in the feet which are particularly pronounced at night. The 
symptomatology progresses with advancing degeneration of the peripheral 
neuronal pathways, to include decreased perception of light touch, calf 
muscle tenderness, loss of vibratory sense, loss of normal reflexes, and 
eventually motor weakness and secondary muscular atrophy, involving 
at first the distal leg and progressing proximally. Once the neuropathy 
in the lower extremities is advanced, the hands and arms may also be- 
come involved. (This usually happens after the sensory abnormalities 
have extended to the middle of the thigh.) In very advanced cases of 
athiaminosis the Wernicke syndrome may develop (Chap. 34). 

Thiamine deficiency may also cause defects in the myocardium, and in 
beriberi the heart may show dilatation and enlargement, especially on the 
right side. Histologically the heart muscle shows focal or diffuse necrosis 
of muscle fibers with edema fluid in the interstitial spaces. In wet beri- 
beri (in contrast to dry beriberi, which is characterized chiefly by 
peripheral polyneuritis, paralysis, and muscle atrophy) the clinical pic- 
ture is to a large degree one of congestive heart failure with cardiac 
dilatation secondary to damage of the cardiac musculature and with 
serous effusions and dependent edema. Dyspnea, irregularities of heart- 
beat, and a large pulse pressure are commonly found. Serous effusions 
into the pericardium and pleural and peritoneal cavities with generalized 
edema may also be seen in beriberi when the heart is competent. The 
underlying mechanism of wet beriberi without etiologic cardiac involve- 
ment is not clearly understood and has been ascribed by some clinicians 
to concurrent hypoproteinemia. 

Beriberi may be predominantly of the dry or wet type or may dis- 
play a mixed symptomatology. In either case, anorexia, constipation, 
nausea, and vomiting are common. In infants an acute form of the disease 
may occur which runs a fulminating course and which terminates in 
cardiac failure, 
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Treatment 


The treatment of athiaminosis in any of its forms consists of prompt 
oral or parenteral administration of thiamine. The dosage depends on the 
clinical manifestations and varies from 10 to 15 milligrams of oral thiamine 
daily in divided doses in cases of neurasthenia or mild polyneuritis to 
twice this dosage in advanced neuropathy. Thiamine may also be adminis- 
tered parenterally; 10 to 20 milligrams once a day suffices in cases of 
peripheral neuritis. Patients with beriberi heart disease or Wernicke’s syn- 
drome should receive 10 to 20 milligrams parenterally, twice daily, until 
improvement is noted. Infantile beriberi, which is usually acute, is best 
treated by parenteral administration of 5 to 10 milligrams of thiamine 
daily. 

Clinical nutritional deficiencies involving a single nutrient are rarely 
encountered; as a rule the patient is malnourished with regard to more 
than one essential nutrient and the clinical manifestations of the most 
acute deficiency are more prominent and are responsible for the major 
diagnostic label. Consequently, in all cases of athiaminosis a prompt cor- 
rection of the general dietary defect is mandatory and multiple therapy 
with other vitamins (particularly those of the B complex) is indicated. 
The extent of supportive multivitamin therapy will depend on the clinical 
judgment of the attending physician. 

In addition to supplementation with other vitamins, a generous supply 
of high quality proteins should be made available in the form of easily 
assimilable foods. The food cocktails mentioned in Chap. 23 in connec- 
tion with the full liquid diet and tube feeding lend themselves particu- 
larly well to the feeding of weak, anorexic, malnourished patients. 


Prophylaxis 

Once the therapy of athiaminosis has been successful, a recurrence 
should be prevented by the establishment of an improved dietary pattern 
and, if possible, correction of the conditioning factors which lead to the 
dietary neglect. It is not sufficient merely to prescribe a well-balanced diet, 
but detailed dietary instruction is essential which emphasizes the routine 
inclusion of foods high in thiamine (Chap. 11) in the daily diet. 


Niacin Deficiency 
( Pellagra ) 
Etiology 


The cause of pellagra is a severe deficiency of niacin and its precursor, 
the amino acid tryptophan. Primary niacin deficiency is usually associated 
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with a diet based chiefly on corn and inadequate amounts of tryptophan- 
containing proteins. Milk and wheat protein contain sufficient tryptophan 
to compensate for a diet which is inadequate with respect to niacin. In 
contrast, corn protein is deficient in tryptophan and constitutes no pro- 
tection against pellagra in the absence of adequate sources of niacin or 
tryptophan in the rest of the diet. Thus pellagra is not uncommon in areas 
where economic depression goes hand in hand with a traditional corn 
diet. 

Pellagra is particularly likely to be found in the following three pre- 
disposed groups: 

1. The indigent and individuals with long-standing poor dietary habits. 
As a rule such individuals have subsisted for prolonged periods on a diet 
characterized by a low caloric intake; a high carbohydrate and fat con- 
tent; a low protein, vitamin, and mineral content; and the glaring ab- 
sence of fresh fruits and vegetables, lean meats, eggs, and milk. 

2. Individuals afflicted with diseases which interfere with appetite or 
with the absorption and utilization of foods. Secondary niacin-tryptophan 
deficiencies may thus be found in chronic diarrheas, malabsorption dis- 
eases, hepatic cirrhosis, tuberculosis, and in disease states in which the 
metabolism is elevated. 

3. Chronic alcoholics. The underlying etiology is the habitual, long- 
standing dietary neglect so often found in this group. 


Signs and Symptoms 


Niacin deficiency may display the complete classical syndrome of 
pellagra with extensive dermatitis, glossitis, stomatitis, diarrhea, and 
mental disturbances, but in many cases it may manifest itself only with 
partial symptomatology, which features one or more deficiency signs 
alone or in combination. 

The cutaneous manifestations may be divided into four major types. 
The most acute lesion is characterized by erythema, which progresses 
through vesiculation and production of bullae to eventual crusting and 
healing. Sunlight appears to be one of the precipitating traumatic factors. 
Intertrigo with redness, maceration, and secondary infection is also found 
frequently. Another cutaneous manifestation is chronic hypertrophy with 
induration, fissuring, and pigmentation on pressure points. Chronic 
atrophic, ichthyotic changes with scaling and induration may be seen 
in pellagra cases of long standing. 

The distribution of the skin lesions in pellagra is quite characteristic. 
They are usually found on parts of the body exposed to sunlight or 
mechanical trauma. Though unilateral lesions may be seen, a bilateral, 
symmetrical distribution is common. Thus lesions due to exposure to 
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sunlight are found around the neck (Casal’s collar, or necklace), on the 
backs of hands, on the forearms, and on other uncovered parts of the 
body. Elbows and knees are common pressure points exposed to mechani- 
cal trauma and are frequently involved, as are the common intertriginous 
areas. In the Southern United States a definite seasonal influence on the 
severity of cutaneous manifestations has long been noted; this has been 
related to the increase in actinic trauma in the spring and summer. 

The mucous membranes of the mouth are usually involved, displaying 
a scarlet glossitis and stomatitis with a swollen tongue and increased 
salivation. The mouth may be very sore, with a burning sensation. In 
acute, long-term deficiency the buccal mucosa and underside of the 
tongue may be ulcerated. 

Gastrointestinal symptoms are at first limited to indeterminate burn- 
ing sensations, postprandial epigastric discomfort, gaseous distention, 
eructation and flatulence, and occasional vomiting; this is followed by 
severe and extensive diarrhea, which may be bloody in cases of intestinal 
ulceration. The stools may be soft and watery (or even hard on occasion) ; 
their odor is invariably foul. 

Central nervous system symptoms also occur and may consist of neu- 
asthenia similar to the neurasthenic syndrome described above in con- 
nection with athiaminosis, or of a psychosis characterized by disorienta- 
tion and confusion, anxiety, fear, hallucinations, occasional delirium, and 
paranoia, mania, or depression. A well-defined encephalopathic syndrome 
with lead-pipe rigidity of the extremities, sucking and grasping reflexes, 
and clouded consciousness is also recognized in severe niacin deficiency; 
it has been observed in severely malnourished patients following massive 
intravenous fluid therapy without adequate vitamin supplementation. 
The neurasthenia of niacin deficiency and the encephalopathic syndrome 
are discussed in greater detail in Chap. 34. The effects of niacin, thia- 
mine, and other deficiencies are not always clearly distinguishable; thus 
in suspected pellagrins, concurrent thiamine deficiency may be responsi- 
ble for some of the central nervous system symptomatology and is usually 
responsible for any evident peripheral neuropathy. 


Treatment 


The patient should be confined to bed until convalescence is well under 
way. Specific therapy consists of the oral administration of from 100 to 
300 milligrams of niacinamide daily in divided doses. The amide is prefer- 
able since it does not precipitate the vasomotor disturbances resulting 
from administration of niacin (nicotinic acid) in large quantities. Niacina- 
mide is given subcutaneously in multiple doses of 50 to 150 milligrams in 
cases where diarrhea or a noncooperating patient make oral administra- 
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tion ineffective or difficult. Since chances of concurrent multiple de- 
ficiencies are ever-present, multiple therapy with other vitamins ( par- 
ticularly those of the B complex) is indicated. 

In conjunction with specific niacinamide therapy and supportive multi- 
vitamin supplementation, a well-balanced diet is given which contains 
100 to 150 grams of high quality protein (preferably from meat, milk, 
and eggs) and which provides about 3500 calories. In view of the 
gastrointestinal symptomatology, the diet should at first be a full liquid 
diet devoid of roughage. As the patient improves, a general diet high in 
good quality proteins is given. 

The treatment in cases of pellagrous central nervous system manifesta- 
tions is discussed in detail in Chap. 34. 


Prophylaxis 

As in any other nutritional deficiency, effective prevention is more 
desirable than an eventual cure. Prophylaxis is especially important after 
successful treatment of pellagra since recurrences are common. An im- 
proved dietary pattern should be established, and if possible the con- 
ditioning factors which led to the dietary neglect should be corrected. 
It is important to remember that niacin will not become critical in an 
individual who consumes a diet which contains a variety of proteins 
including those from meat, eggs, and milk, since such food intake assures a 
supply of the precursor of niacin—tryptophan—in addition to the quanti- 
ties of preformed niacin which are provided by such a diet. 


Riboflavin Deficiency 


Etiology 


Ariboflavinosis as a clinical syndrome may be found in individuals who 
consume a marginal diet devoid of dairy products, or other animal pro- 
tein sources, and leafy vegetables. Secondary deficiencies may occur in 
chronic diarrheas, in malabsorption and liver diseases, and in states of 
increased metabolism. Riboflavin deficiency is not uncommonly found 
associated with pellagra. 


Signs and Symptoms 


The syndrome is characterized by cheilosis, angular stomatitis, glossitis, 
seborrheic dermatitis, and ocular manifestations—photophobia, itching, 
burning, and circumcorneal capillary engorgement with invasion of the 
superficial strata by blood vessels. The seborrheic dermatitis is usually 
found in the nasolabial region, near the inner and outer canthi of the 
eyes, behind the ears, and on the posterior surface of the scrotum. Each 
of the symptoms when taken alone is not necessarily suggestive of ribo- 
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flavinosis; thus similar ocular lesions may have other etiologies, the seb- 
orrhea may be nonspecific, and angular stomatitis with fissuring may 
also be the result of edentia. However, the complete syndrome together 
with a suggestive history of a poor dietary intake is considered indicative 
of ariboflavinosis. A therapeutic trial will, in the end, confirm the diagno- 
sis. 


Treatment 


The treatment of ariboflavinosis consists of administration of riboflavin 
coupled with improvement of the diet. From 10 to 20 milligrams of oral 
riboflavin is given daily in divided doses. Riboflavin supplementation 
should continue at the rate of 5 to 10 milligrams daily until complete 
recovery. A well-balanced diet rich in milk and milk products, organ 
meats, meat, and leafy vegetables should accompany the specific vitamin 
therapy. The remarks concerning multiple-vitamin therapy and prophylac- 
tic improvement of dietary habits which were made in previous sections 
dealing with other deficiencies are similarly valid with respect to aribo- 
flavinosis. 


Vitamin C Deficiency 


(Scurvy ) 


Etiology 


Though subclinical vitamin C deficiency may be found in selected 
population groups, frank scurvy is relatively rare in the United States 
today. Classical scurvy was once widespread among sailors and explorers 
who depended on hard-tack and salt-beef diets devoid of fresh fruits or 
vegetables. Today the greatest incidence of scurvy in the United States 
and Canada is found among infants who have been fed an exclusive 
cow’s milk formula diet without supplementation with juices rich in 
vitamin C or other ascorbic acid supplements. As a rule, breast fed 
infants have an extremely low incidence of vitamin C deficiency. 

In later life, scurvy is limited to individuals who, for one reason or 
other, consume a diet devoid of fruits or vegetables which contribute vita- 
man C. Thus scurvy occurs at times in ulcer patients who consume diets 
which consist chiefly of milk, cream, eggs, and cereals. The disease is 
also found sporadically among elderly, impecunious bachelors, widows, 
and widowers who live alone and subsist on staple foods which can be 
stored and prepared easily and which usually are extremely low in vitamin 
C content. The disease is still found in epidemic proportions among other- 
wise healthy individuals with a food intake restricted for prolonged 
periods to easily stored, nonperishable staple foods; thus the frequency 
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of clinical signs of scurvy was considerable in soldiers of the South 
Korean Republic during and immediately after the Korean war, until 
a revision of the food pattern erased the condition almost completely. 


Signs and Symptoms 


The basic defect in vitamin C deficiency is an impairment of the 
normal formation of (primarily mesenchymal) intercellular ground 
matrix, be it collagen in the case of fibroblastic proliferation, chondroid 
or osteoid in the case of skeletal development, or the intercellular cement 
which is responsible for the cohesion of endothelial capillary cells. Thus 
defective collagen formation is responsible for impaired wound healing, 
the growing skeleton may exhibit an abnormal fragility due to the 
defect in osteoid formation and subsequent impaired calcification, and 
hemorrhages are possible in almost any tissue or organ due to increased 
capillary fragility. 

In infants scurvy usually develops between the fifth and fourteenth 
month. The patient fails to gain weight, is irritable and cries easily, has 
little appetite, and shows an aversion to moving the extremities because 
of pain connected with such motion. Hemorrhages due to increased capil- 
lary fragility may occur anywhere in the body. The costochondral junc- 
tions of the rib cage are usually beaded (scorbutic rosary), and x-ray 
examination shows a transverse enlargement and increased density at 
the ends of the long bones proximally to the epiphysis (the scorbutic 
white line) and a thin, nonmineralized, halo-like distal epiphysis; a 
nonmineralized fibrous union between diaphysis and epiphysis is also 
discernible. A tendency to hemorrhage on minor trauma results in numer- 
ous ecchymoses, hemorrhages in the gums near erupting teeth (gums are 
very swollen, in such instances, and dark red in color), and subperiosteal 
hematomas or painful hemorrhages into the joints. 

In adults, scurvy may not develop for many months after onset of 
vitamin C deprivation because the situation does not involve impaired 
growth and skeletal development and because of the presence of body 
reserves of ascorbic acid. Eventually weight loss, weakness, irritability, 
and nonspecific aches and pains in joints and muscles usher in frank 
clinical scurvy. This is usually followed by gingival hemorrhages (loosen- 
ing of the teeth is a later symptom in advanced cases) and hemorrhages 
in any tissue exposed to even minor mechanical trauma. Thus nonspecific 
petechiae, purpura, and ecchymoses are common. Perifollicular petechial 
hemorrhages are characteristic, as well as keratoses of hair follicles. 
Petechial hemorrhages are found largely in the lower extremities. Bleed- 
ing into joints and muscles is not uncommon in advanced scurvy, and 
genitourinary, gastrointestinal, retinal, and cerebral hemorrhages occur 
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occasionally in very severe cases. Except for hemorrhages into joints on 
trauma, there are no specific bone lesions in adults. 


Treatment 


Scorbutic patients respond dramatically and specifically to the ad- 
ministration of vitamin C. Infants should receive 150 to 300 milligrams 
of vitamin C daily by mouth, in divided doses, for 10 days, followed by 
150 milligrams daily for a month. Thereafter it will suffice to ensure a 
daily intake of 30 to 60 milligrams of vitamin C in the form of fresh, 
unheated processed orange juice of standardized vitamin C content or 
in the form of noncitrus juices enriched with vitamin C. (Most canned 
strained juices for infants contain 40 milligrams of vitamin C per 100 cc.) 
In case of continued diarrhea or extensive vomiting, the recommended 
oral vitamin C dosages should be halved and administered intramuscu- 
larly or intravenously. 

Adult patients should receive up to 800 milligrams of vitamin C daily, 
orally, in divided doses, for one week. This is followed by 400 milligrams 
daily until complete recovery. When parenteral therapy is indicated be- 
cause of gastrointestinal disturbances, vitamin C is given intramuscularly 
or intravenously, at the rate of half the recommended oral dosage. 


Prophylaxis 


In infants, the prevention of vitamin C deficiency lies in an early pro- 
vision of dietary sources of ascorbic acid. Thus, beginning with the second 
week, infants should receive 1 to 2 teaspoons of strained orange juice 
daily; this amount should be gradually increased until the intake is 2 to 
3 ounces by the end of the second month. The recommended daily 
dietary vitamin C allowance during the first year of life is 30 milligrams; 
since most strained orange juices for infants are standardized to contain 
40 milligrams per 100 cc, a daily intake of 3 fluid ounces of these juices 
provides an adequate supply of the vitamin. Infants who are sensitive to 
orange juice may obtain their daily vitamin C quota in noncitrus infant 
juices which contain or are enriched with vitamin C or through supple- 
mentation with ascorbic acid or a multivitamin preparation containing 
ascorbic acid. 

Prevention of vitamin C deficiency in adults lies in the establishment 
of good dietary habits or in correction of an existing defective food 
pattern. A well-balanced diet as outlined in Chap. 15 which contains the 
recommended quantities of citrus fruits (as well as tomatoes, green leafy 
vegetables, and potatoes) will supply adequate prophylactic amounts of 


vitamin C. 
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Kwashiorkor 


Etiology 

Kwashiorkor, an African word coined by the Gold Coast Ga tribe, is 
the name given to a clinical syndrome caused by severe protein deficiency 
in the postweaning stages of infancy and early childhood. Its literal mean- 
ing, “first-second,” reveals a native insight into the epidemiology of this 
disorder since it refers to the fact that the condition is initiated in the 
first child when the second one is born. The disease is widely prevalent 
in the tropical and subtropical underdeveloped parts of the world and 
is a major health problem of young children among the poor strata of 
the population in Africa, India, Central and South America, the West 
Indies, Mexico, and Southeast Asia. 

Kwashiorkor occurs most frequently in the young child soon after it 
has been weaned and is thereafter largely fed starchy paps; the under- 
lying cause is failure to provide an adequate dietary source of protein 
to substitute for the protein of the breast milk which had been the 
child’s only protein source before weaning—sometimes for the first 18 
to 24 months of life. 

ere have been a few reports of kwashiorkor in adults. However, it 
occurs practically exclusively in young children, since the diet after 
weaning is especially likely to be deficient in protein and because the 
protein requirement in relation to caloric intake is much higher in early 
youth than at later periods in life. 

Diarrhea or an intercurrent infection is often the precipitating factor 
which triggers the appearance of clinical symptomatology. Basically this 
is due to increased nitrogen excretion in disease, but in many cases the 
parent helps usher in the clinical syndrome by feeding the sick child 
nothing but thin, starchy gruels or by administering purgatives to rid the 
child of suspected intestinal parasites, 


Signs and Symptoms 


The symptoms of the disease are retarded growth, apathy, anorexia, 
hypoalbuminemia with edema, and characteristic hair and skin changes. 
The normal dark hair becomes fine, depigmented or reddish yellow, and 
may fall out in patches. The normally dark skin becomes flaky, peels, and 
leaves a reticulated, patchy surface (“crazy pavement dermatitis” ). Hy- 
perpigmentation and depigmentation of the skin are common. There is 
fatty infiltration and enlargement of the liver and, at times, fibrosis and 
cellular necrosis; the acini of the pancreas may show atrophic changes. 
Severe diarrhea and steatorrhea, frequently accompanied by electrolyte 
imbalance and anemia are part of the syndrome. 
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The clinical picture is modified by the general state of nutrition; the 
classical (“sugar baby”) type of kwashiorkor is based on severe protein 
deficiency in the face of an otherwise adequate caloric intake. A more 
marasmic picture with severe tissue wasting, loss of subcutaneous fat, and 
functional dehydration (despite the existing edema) is found where the 
basic protein deficiency is compounded by an acute or chronic deficiency 
in calories. In such infants the classical hair and skin changes are less 
apparent or absent, since the patient has been metabolizing his own 
tissues, which include endogenous proteins. 

The mortality from kwashiorkor is high in the absence of proper treat- 
ment. On the other hand, recovery is common except where severe com- 
plications exist or where the condition is very advanced. 


Treatment 


Treatment is based on administration of proteins of high biologic value 
and on correction of any existing dehydration and electrolyte imbalance. 
A diet rich in milk protein has been the treatment of choice (primarily 
because of the ease of administration and ready digestibility of milk). 
Either skim milk powder, fresh skim milk, or whole milk may be used 
as a source of dietary protein. 

During the first day of treatment, half-strength milk containing 5 per 
cent sugar is given in 60- to 120-cc portions, 16 to 8 times per day. Tube 
feeding may be necessary in extremely anorexic children. Three-quarter- 
strength formula is fed during the second day, and full-strength formula 
by the third day. By this time there is less danger of gastric dilatation and 
vomiting or diarrhea, and the formula may be given in larger quanti- 
ties at greater intervals. It is desirable to obtain a daily intake of 5 grams 
of protein and 100 calories per kilogram of body weight. In the average 
18- to 30-month-old patient this is accomplished by feeding 8 fluid ounces 
of full-strength milk, with 5 per cent sugar, five times daily. Concurrently 
the child is given light solid foods (such as bananas), provided he can 
maintain the scheduled milk formula intake. Fruit juice, eggs, meat, 
vegetables, and cereals are gradually added to the diet throughout the 
period of recovery; an intake of 5 or more grams of protein and 130 to 
150 calories per kilogram body weight is the desired goal at this point. 

A major problem in the early treatment of critically ill patients is the 
correction of the often severe dehydration and associated electrolyte 
imbalance, metabolic acidosis, and potassium depletion (the latter is not 
uncommonly the cause of sudden cardiac death). Slow intravenous ad- 
ministration of a solution made of one part of 4% M sodium lactate, two 
parts of Ringer's solution, and three parts of 5 per cent glucose, at the 
rate of 40 to 50 cc per kilogram body weight, is helpful in correcting the 
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potassium depletion and counteracts the acidosis, dehydration, and 
oliguria. In milder cases, potassium-containing fluids such as Darrow’s 
solution should be given orally during the first day of treatment. 

Specific therapy should also be given to treat or prevent any inter- 
current infections. (Sulfonamides, penicillin, and chloramphenicol are 
preferred to the broad-spectrum antibiotics because of the tendency of 
the latter to produce diarrhea. ) 

Special enzyme or lipotropic preparations are not indicated in the treat- 
ment of kwashiorkor, and the use of concentrated multivitamin prepara- 
tions during the first weeks of therapy is not advantageous in most 
cases. 


Prevention 


Prevention of kwashiorkor lies in education toward general recognition 
of its dietary etiology and encouragement of a dietary pattern which 
supplies more proteins of high biologic quality. Though economic and 
regional agricultural factors are responsible to a large degree for kwashi- 
orkor in the areas in which it is endemic, ignorance and custom play a 
significant role as well. Where adequate supplies of milk are not avail- 
able, a properly selected mixture from available plant protein sources can 
be used to prevent and even treat the disease. One such mixture developed 
by the Institute of Nutrition of Central America and Panama contains 
corn, sorghum, cottonseed meal, yeast, and vitamin A, and is within 
economic reach of the population strata which display the highest in- 
cidence of kwashiorkor. The hope for prevention of kwashiorkor and 
protein deficiency rests on the local development of similar inexpensive 
and available protein sources and a gradually improved dietary pattern 
with greater availability of proteins of animal origin. 


CHAPTER 2 5 


DIETS IN DISEASE 


Principles of Therapeutic Diets 


Modifications of the normal pattern of food intake are advisable and 
even essential in the case of a number of diseases. The reasons for this 
are manifold. In some pathological conditions the quantitative nutritive 
requirements of the individual may be altered, as is the case in febrile 
diseases. Other conditions may require changes in the qualitative make-up 
of the diet; thus curtailment of sodium may be advisable in congestive 
cardiac failure. In other situations changes in the physical characteristics 
of the diet may be desirable, as is the case with liquid, soft, or bland diets 
advisable in certain gastrointestinal disorders. 

In deciding on the dietary management of a disease certain general 
principles should govern the prescription and formulation of any special 
diet. 

1. The diet should provide all essential nutrients as generously as 
its special characteristics permit. 

2. The special therapeutic regimen should be patterned as much as 
possible after a normal diet. 

3. The special diet should be flexible; it should consider the patient's 
gustatory habits and preferences, his economic status, and any religious 
rules which may govern his food intake. 

4. A diet should be adapted to the patient’s habits with regard to 
work and exercise. 

5. The foods which are included in the special diet must agree with 
the patient. 

6. The diet should emphasize natural, commonly used foods which 
are readily available and easily prepared at home. 

7. A simple and clear explanation of the purpose of the diet and 
reason for it should be given to the patient, and to the members of his 
family who are responsible for the preparation of his meals. 

8. Except for cases where a maintenance diet must be adhered to for 
life, patients should be taken off special diets as soon as possible. Prac- 
tically anybody required to follow a therapeutic diet feels conspicuous 
and set apart; this is especially important in the case of young children, 
who are more impressionable and for whom a prolonged special diet may 
be the making of an emotional problem. 
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9. The diet must be absolutely justified and defensible. Hospitals, 
patients, and patient’s families alike will benefit if the number of special 
diets is reduced to those which are really necessary. 

10. Feeding by mouth is always the method of choice; only when the 
patient is incapable or will not eat and drink enough should tube feeding 
or, if this is contraindicated, parenteral feeding be resorted to. 


The Full Liquid Diet 


Liquid diets are usually prescribed after surgery, in acute infections, 
and in cases where the patient has difficulty in swallowing or suffers from 
an acute inflammatory condition of the gastrointestinal tract. With sub- 
sequent recovery, the liquid diet is modified to a soft diet, which in turn 
gives way to a full, general diet. As the name implies, the liquid diet con- 
sists primarily of liquids or strained, semiliquid foods. Its purpose is to 
satisfy the normal requirements for all nutrients in a form which requires 
minimum physiologic effort for digestion and absorption. The full liquid 
diet is comprised of milk, milk drinks, carbonated beverages, coffee, tea, 
strained fruit juices, tomato juice, broth, strained cream soups, raw eggs, 
cream, melted butter and margarine, strained precooked infant cereals in 
milk, thin custards, gelatin desserts, ice cream, sherbet, strained vegetables 
(in soups), honey, sirups, and sugar and dry skim milk dissolved in 
liquids. 

Fortified eggnogs and milk shakes are important nutritional mainstays 
of the liquid diet. The caloric value of milk is easily increased by the 
addition of sugar, sirups, honey, or cream; its protein content may be 
increased inexpensively by admixing dry skim milk powder (2 or more 
tablespoons per 8 ounces of milk). When blended into such a milk shake, 
enriched precooked infant cereals contribute significant amounts of iron, 
thiamine, and niacin, in addition to protein and calories. Raw eggs are 
easily homogenized with such milk drinks in a food blender and con- 
tribute protein, fat, iron, and vitamins. 

Because liquid diets are ordinarily used for relatively brief periods, 
too little thought is given to their nutritional adequacy. Actually, the 
liquid diet may be used for prolonged periods, as is the case in conditions 
like esophageal stricture, terminal esophageal malignancy, or in progres- 
sive bulbar paralysis. If a liquid diet is to be used for more than a few 
days, it should fully satisfy the nutritional requirements of the patient. 
Such a goal is readily met if the following items, or their equivalents, are 
incorporated into the daily diet: 


1 qt whole milk 

4 eggs 
8% oz dried skim milk 

% oz (25 Gm) precooked enriched oatmeal for infants 
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7 oz 20% cream 

1 tbsp dried brewer’s yeast 
1 cup sugar 

1 cup orange juice 


These food items contribute 2500 calories, 112 grams protein, 3,160 
milligrams calcium, 25 milligrams. iron, 5,750 I.U. vitamin A, 4.7 milli- 
grams thiamine, 5.4 milligrams riboflavin, 19.6 milligrams niacin, and 99 
milligrams vitamin C; this more than meets the average daily dietary 
allowances for sedentary adults recommended by the Food and Nutrition 
Board. All ingredients, with or without the orange juice, can be made into 
a tasty food cocktail in a food blender with the addition of a flavoring 
agent (chocolate or vanilla) and, if desired, additional sugar. The mixture 
yields about 3 pints and should be served in six feedings of 1 cup each. 
At each of the mealtimes, coffee or tea, sherbet, orange or tomato juice, 
or broth or strained soup may be added for additional variety and flavor. 


Sample Menu: Full Liquid Diet 


(Contains approximately 115 Gm protein, 125 Gm fat, 320 Gm 
carbohydrate, and 2865 Cal) 


BREAKFAST: 
Orange juice (% cup) 
Food cocktail (1 cup) 
Coffee 


MIDMORNING: 
Food cocktail (1 cup) 


LUNCH: 

Tomato juice (% cup) 
Consommé 

Food cocktail (1 cup) 
Sherbet (3 oz) 

Tea 


MIDAFTERNOON: 
Food cocktail (1 cup) 
Ginger ale 

DINNER: 

Grapefruit juice (% cup) 
Consommé 

Food cocktail (1 cup) 


Coffee 
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BEDTIME SNACK: 


Food cocktail (1 cup) 
Grape juice 


The Clear Liquid Diet 


This standard hospital item should not be credited with the designation 
“diet.” The clear liquid diet provides a minimal residue and consists 
primarily of dissolved sugar and flavored fluids. It contains no milk, and 
it supplies fluids (its main objective ) in the form of ginger ale, sweetened 
tea or coffee, fat-free broth, plain gelatin desserts, and strained fruit 
juices. The caloric contribution of the clear liquid diet depends on the 
amount of dissolved sugar which it contains and is usually noticeably 
deficient when compared with the total body requirements. 


Tube Feeding 


A number of conditions preclude the taking of food by mouth and 
necessitate tube feeding or even parenteral feeding. Among these are 
coma or semiconsciousness, mental disease (especially when temporary re- 
straint is required), terminal malignancy, overwhelming acute or chronic 
infection, severe burns, paralysis of swallowing muscles, oral pathology 
or surgery, and reintroduction of food after prolonged, extreme starvation. 

Tube feedings may be needed for long periods, and it is therefore 
essential that they satisfy all nutritional requirements. Any food or food 
mixture which passes readily through a tube may be used. A number of 
special mixtures are commercially available; they usually combine ease 
of preparation with a rather high cost, and several among them fail to 
satisfy the full spectrum of daily nutritional requirements. 

The accompanying tube feeding formula is easily prepared from com- 
mon food items and supplies considerably more than the average daily 
dietary allowances for sedentary adults recommended by the Food and 
Nutrition Board. 





ae Approximate |} 
Werohetn Approximate household 





measure 
Whole maallos oe eeeee es cas 1,000 4 cups 
Bigg yolks a, 2:26 pint an we is LOO 5 yolks 
Dried skim milk........... 150 5Y, OZ 
Creain ye QU Gy ae nur yee ere 200 | cup 
SUGAR ae ae ee 125 414 oz 
Oran ce niGe aes yee 200 7 fl oz 
Dried brewer’s yeast. ...... 50 34 tbsp 
POGLU seb e Meats fan wore tsk “eg eee 5 1 tsp 


ee ee 


DIETS IN DISEASE 229 


This formula contributes 2700 calories, 129 grams protein, 113 grams fat, 
300 grams protein, 3,520 milligrams calcium, 18.5 milligrams iron, 6,700 
[.U. vitamin A, 6.35 milligrams thiamine, 8.0 milligrams riboflavin, 21.1 
milligrams niacin, and 102 milligrams ascorbic acid. If desired, a vitamin 
supplement may be substituted for part or all of the brewers’ yeast and 
the orange juice. The salt may be omitted in the case of patients re- 
quiring a controlled sodium intake. 

The formula is homogenized in a covered food blender and is stored 
in closed bottles in the refrigerator. Prior to feeding, the required por- 
tion is heated in a double boiler to about 100°F (temperatures which ex- 
ceed 100°F may cause curdling). It is not advisable to give tube feedings 
in excess of 200 cc at any one time. Usually about 150 ce (5 fluid ounces ) 
is given every 2 hours, ten times daily. The formula supplies about 1,500 
cc of fluid daily, and the remainder of the patient's fluid requirement may 
be administered in divided doses in the form of water run through the 
tube immediately after each feeding. 

Though rubber tubes of the Levine type can be used, the smooth, thin 
polyvinyl or polyethylene tubes (No. 8, French, 38 inches long) are 
preferable; they lend themselves well to nasal and gastric passage, are 
well tolerated, and usually do not produce tissue irritation even if left in 
place for several weeks. 


The Soft Diet 


The soft diet is an easily digested intermediate between a full liquid 
diet and a light general diet. It usually follows the full liquid diet in the 
transition to a normal food pattern. As the name implies, only mechani- 
cally soft foods are included in the diet; fried foods, foods which con- 
tribute a significant indigestible residue (crude fiber), strongly flavored 
cooked vegetables, all raw vegetables, most raw fruits, whole-grain 
cereal products, and nuts are excluded. 


Permissible foods Foods excluded 


Milk and milk drinks, coffee, tea, soft All other beverages 
drinks, fruit juices 


Precooked infant cereals, other refined ce- | Whole-grain cereals 
reals which do not contain bran 


Fine, enriched white or rye bread, soda Whole-grain breads, rolls, or crackers; pan- 


crackers cakes, wafHes 


Ground or tender meat, fish, or fowl, Fried, salted, smoked, or tough meat, fish, 
roasted, baked, or stewed; canned fish or fowl; sausages, luncheon meats; fried 
(without bones); cottage cheese, cream eggs; cured, aged cheese 
cheese, and very mild aged cheeses; soft- 
boiled and poached eggs 
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Potatoes (except as noted on the right), 
macaroni, spaghetti, noodles, rice 


Butter, margarine, cream, oils 


Soft-cooked, strained, or chopped carrots, 
peas, beets, spinach, sweet potatoes, 
squash, asparagus tips, tomatoes; to- 
mato juice 


Soft-cooked or canned apples, peaches, 
apricots, pears (all without skins or 
seeds); other soft-cooked fruits if 
strained; raw bananas, avocados, fruit 
juices 


Soups made from permissible foods 


Bland puddings, junkets, custards, gelatin 
desserts, ice cream, sherbet; soft, un- 
spiced cakes and cookies 


Soft sweets, honey, jelly, spices, herbs, 
vinegar, gravies 
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Fried potatoes, potato chips; skins of 
baked potatoes should not be eaten 


All raw vegetables; also cooked onion, cab- 
bage, cauliflower, Brussels sprouts, cu- 
cumber, peppers, turnips, radishes, corn, 
dried beans and peas 


All raw fruits except as noted on the left; 
also canned or cocked figs, pineapple, 
berries 


All other soups 


Pies, pastries, doughnuts, spiced baked 
goods, desserts containing fruits or nuts 


Hard candy, candy containing nuts or 
fruit; marmalade, pickles, popcorn, nuts 


Diet in Febrile Diseases 


In contrast to the custom prevalent before the turn of the century, 
contemporary clinical opinion holds that the fever patient should be 
generously fed to the limits of his digestive ability, except in the case 
of specific abdominal conditions. The free administration of food does 
not, as was once believed, raise the temperature of the febrile patient, and 
the digestion and absorption of a light diet goes on as well and undis- 
turbed in the febrile as in the nonfebrile state. Moreover, during fever the 
basal metabolism increases significantly; in typhoid fever it has been 
found to increase 40 to 50 per cent at a temperature of 104°F. It is a 
safe working assumption that the basal metabolic rate increases about 
7 per cent for each degree Fahrenheit in excess of the normal 98.6°F, and 
in the absence of a compensatory dietary caloric supply, tissue catabolism 
must furnish the required energy. As a result the underfed febrile patient 
is thrown into a negative nitrogen balance, which is far from desirable 
since it predisposes to hypoproteinemia and anemia, interferes with the 
body’s anabolic defense mechanisms, and delays convalescence. 

In the treatment of short-lived, acute febrile conditions, such as upper 
respiratory infections, it often suffices to supply a normal diet ad libitum 
and to maintain the patient’s fluid intake to prevent dehydration. How- 
ever, if the febrile illness is more serious and of several days’ duration, 
the dietary management of the patient assumes a new significance. 

The dietary support of patients in prolonged, high febrile states calls 
for a caloric intake of up to 80 calories per kilogram of body weight 
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(3500 to 5000 calories per average adult). A protein intake of 1.1 to 1.5 
grams per kilograms is required to maintain nitrogen equilibrium (70 to 
100 grams protein per average adult). Since they pose a lesser digestive 
and absorptive burden, carbohydrates should supply 55 to 60 per cent 
of the total caloric intake. Because the febrile patient has often little 
appetite nor the strength or desire to chew a normal diet, a liquid diet 
should be provided; this may be supplemented with soft-boiled eggs, 
custards, and cooked cereals. The caloric intake may be raised consider- 
ably by the use of supplementary sugar dissolved in fruit juices. With 
subsequent improvement a soft diet is introduced, and as convalescence 
progresses this gives way to a light, general diet. 


Specific Therapeutic Diets 


Specific methods of therapeutic dietary management, their principles, 
rationale, indications, and make-up, are described in detail in the sub- 
sequent chapters. In all instances an attempt has been made to represent 
the convergent trend of contemporary clinical thought. 


CHAPTER 24 
NUTRITION IN DIABETES MELLITUS 


Diabetes mellitus is a hereditary metabolic disorder characterized by 
deficient endogenous production or utilization of insulin, a hormone nor- 
mally produced by the island cells of the pancreas. The presence of insulin 
in adequate amounts is essential for normal carbohydrate, or more spe- 
cifically, glucose metabolism. Insulin deficiency results in impaired intra- 
cellular glucose breakdown, decreased conversion to fat, and defective 
glycogen formation. Consequently, glucose accumulates in the blood 
stream (hyperglycemia) and spills over into the urine (glycosuria). Poly- 
uria, polydypsia, polyphagia, and pruritis are secondary attendant symp- 
toms. As the disease progresses, abnormal catabolism of protein and fat 
becomes part of the picture since carbohydrates are not utilized in a 
normal fashion for the production of energy. Eventually fat metabolism 
becomes deranged with abnormal accumulation of the end products of 
incomplete fat breakdown: acetoacetic acid, hydroxybutyric acid, and 
acetone. Unchecked accumulation of these ketone bodies leads to ketosis 
and acidosis, and eventually acidotic coma, the most serious acute com- 
plication of diabetes. 

Diabetes also leads to early atherogenesis in blood vessels. Vascular 
degeneration is thus common in patients who have been diabetic for 15 
years or more; this is manifested clinically by a very high incidence of 
atherosclerotic disease of the heart, retina, kidney, and the lower extremi- 
ties. Another complication of diabetes is a specific neuropathy which 
results from prolonged, abnormal metabolism in the unregulated patient. 


Therapy 


The principal treatment of diabetes aims at amelioration of the key 
defect, inability to utilize carbohydrates normally, and at prevention of 
hyperglycemia and glycosuria by dietary regulation and drug therapy 
and avoidance of the symptoms of ketosis. Medical therapy is based on 
the parenteral supply of insulin which is lacking. Insulin may be given 
in the soluble, crystalline form which acts immediately but has no long- 
lasting effect or in forms which liberate the active hormone in a delaved, 
gradual fashion, such as protamine-zinc-insulin, globin-insulin, or isophane 
(NPH) insulin. Combinations of soluble, quick-acting insulin and the 
various prolonged-action preparations are also used, depending on the 
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individual case. Recently, orally administered hypoglycemic agents have 
also been introduced (tolbutamide and others). 


The Diabetic Diet 


There is no one proper “diabetic diet.” The dietary requirements of 
the diabetic patient differ with the individual, the severity of the disease 
process, the type and extent of insulin therapy received, and the amount 
of exercise performed. Furthermore, the caloric content of a diabetic diet 
depends on the weight of the patient and how it compares with his 
desirable weight. The obese diabetic requires a gradual reducing regimen, 
to be followed by a diet which will maintain him at a diabetic “ideal 
weight,” which is about 10 per cent lower than his statistical desirable 
weight based on skeletal structure (Table 35). 

Special dietary regulation is essential for the diabetic, whether or not 
insulin or tolbutamide therapy is used. Insulin treatment unaccompanied 
by a coordinated dietary regimen is undesirable because of the constant 
possibility of insulin-induced hypoglycemic shock. 

A well-observed diabetic diet obviates the use of insulin in perhaps 
30 to 40 per cent of the diabetic population. Moreover, a large number 
of asymptomatic individuals with the hereditary potential for diabetes 
will not develop the overt disease in later life (as is the common trend) 
if they manage to maintain a normal body weight, or preferably if they 
keep their weight below “normal.” If an asymptomatic latent diabetic is 
permitted to gain weight as he grows older, he commonly develops frank 
symptomatology at an advanced age. Such individuals respond quite well 
to diet therapy, and many—once stabilized with initial insulin support 
and reduced in weight—may be maintained for years without the 
need for continuous insulin therapy. 


Carbohydrate Allowance 


In view of the limited ability of the diabetic to metabolize carbo- 
hydrates, and since hyperglycemia, glycosuria, and faulty fat metabolism 
with ketosis result when this ability is overtaxed, concentrated sources 
of quickly absorbable carbohydrates, like sugar, candy, and fruit juices, 
are avoided, and pure, refined starches are limited as much as possible. 
Other carbohydrates are being moderately limited, but not avoided, since 
most diabetic patients can handle a modest supply of carbohydrates which 
is being absorbed very gradually from the intestinal tract, especially 
when they are on supportive insulin therapy. 

The total calories supplied by the diabetic diet should satisfy the re- 
quirements of the individual. Total calories and the proportion of protein, 
carbohydrate, and fat consumed each day remain the same, although the 
foods consumed differ markedly. The carbohydrate content of the diet 
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is usually less than normal (about 40 per cent of total calories instead 
of 45 to 50 per cent), while the protein and fat content is somewhat 
higher to compensate for the loss of calories from the concentrated car- 
bohydrate sources which have been eliminated. It is preferable not to 
reduce the carbohydrate intake below 125 grams on low calorie intakes. 
Occasionally, however, a patient with mild diabetes may be spared the 
discomfort of insulin therapy by a more stringent carbohydrate restric- 
tion. 

When the patient relies solely on his limited, endogenous insulin, an 
attempt is made to divide the carbohydrates uniformly throughout the 
day. Since carbohydrate tolerance is somewhat lower in the morning, 
a breakfast smaller than the other two meals is advisable. A bedtime 
feeding will aid in distributing the carbohydrate load over a longer period 
and will thus tend to reduce hyperglycemia during the daytime. 

If the patient receives insulin therapy, the diet attempts to integrate 
the intake of carbohydrates with the time course of the insulin prepara- 
tion used to avoid the risk of a hypoglycemic insulin reaction and to 
permit as complete and normal a utilization of the ingested carbohydrate 
through the action of both endogenous (if any) and administered insulin. 
Thus if long-acting insulin preparations are used, late bedtime feedings 
are needed to supply glucose during the night hours to reduce the risk 
of hypoglycemia induced by the gradually liberated insulin (which 
would otherwise be “unopposed” ). 


Protein and Fat Allowance 


In most instances, the potential synthesis of carbohydrate from dietary 
protein and fat may be disregarded when one considers the relationship 
between carbohydrates contributed by each meal and the insulin therapy. 
Protein and fat provide a supply of potential glucose which is made avail- 
able very gradually by metabolic processes; consequently, these nutrients 
may ordinarily be distributed as desired among the three meals. However, 
experience has shown that the gradual glucogenesis from protein eaten 
during dinner or at bedtime may be useful in preventing insulin induced 
hypoglycemia at night or in the early morning hours whenever potent 
long-acting insulin preparations are used. It is therefore customary to al- 
locate larger amounts of protein to the evening meal and to have another 
feeding at bedtime. 

The protein allowance of the diabetic is the same as that for the 
normal individual or slightly higher. The protein intake should lie be- 
tween 1.0 to 1.5 grams per kilogram of desirable body weight. An in- 
creased protein intake is desirable after periods of poor control or marked 
weight loss. Children require more protein than adults, and an intake of 
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2 to 3 grams of protein per kilogram of body weight is proper. Aug- 
mented protein allowances are also required during pregnancy and lac- 
tation (1.5 to 2 grams per kilogram). If 20 per cent of the total calories 
are provided in the form of protein, then carbohydrate and fat calories 
are set at 40 per cent each. In low calorie diets this is easily achieved, 
but in high calorie diets the expensive share of protein calories is best re- 
duced to 15 per cent, leaving the remaining calories approximately evenly 
divided between fat and carbohydrate. 

There is some evidence that the nature of fatty acids ingested influences 
the blood lipid levels of the individual and, by inference, the likelihood 
of atherogenesis (Chaps. 9 and 29). If the implied etiologic relationship 
between the excessive intake of saturated fatty acids and atherosclerosis 
is proved, then physicians in charge of diabetic patients will do well to 
consider the prescribed inclusion of fats rich in the polyunsaturated fatty 
acids in their patients’ diets, since the diabetic diet is relatively high in 
fat content and the average diabetic is particularly prone to development 
of atherosclerosis. 


Calculating the Basic Requirements 


The following will serve as an illustration of how to arrive at the basic 
dietary prescription. Except in cases of extreme obesity, the ideal weight 
of the patient is used as the basis of the calculation. (In the case of the 
diabetic, “ideal” means “normal” less 10 per cent.) A moderately active 
patient who measures 5 feet 5 inches with his shoes on and has a small 
frame has a normally desirable weight of 132 pounds according to Table 
35. His ideal weight as a diabetic is 10 per cent less, or approximately 
120 pounds. Turning to Table 36, we find that at the age of 65, this pa- 
tient’s daily caloric intake should be about 2100. 

The protein allowance is arrived at on the basis of the patient’s ideal 
weight — 120 lb (55 kg); allowing 1.5 Gm protein/kg ideal body weight, 
his daily protein intake should be about 82.5 Gm. This allowance of 82.5 
Gm protein provides 82.5 x 4, or 330 Cal (about 16 per cent of the total 
requirement ). The remaining requirement, 1770 Cal, may now be di- 
vided between fat and carbohydrate. Thus 885 Cal may be supplied by 
885, or 221 Gm carbohydrate. Another 885 Cal may be provided by 
885 or 98 Gm of fat. Since the diet prescription is usually rounded off 
to the nearest figure 5, the dietary recommendation for this patient may 
be set as 85 Gm protein, 100 Gm fat, and 220 Gm carbohydrate. The 
physician’s clinical judgment will now determine whether the patient is 
to have the full 220 Gm of carbohydrate or whether a smaller amount 
will be allocated and compensated for with an appropriate increase in 
the fat or protein intake. 
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Selection of Menu 


In addition to meeting the physiologic requirements of the patient, 
the diet prescription should meet the economic, gastronomic, and social 
needs of the patient. To limit the patient to a stereotyped menu sheet with 
no consideration for these factors is to defeat the purpose of the diet, 
since in all likelihood it will not be adhered to. Thus the translation of 
the basic diet prescription into a suitable meal plan is an important as- 
pect of planning a diabetic diet. 

A simplified method of formulating diabetic diets was published in 
1950 by a committee made up of representatives from the American 
Diabetes Association, the U.S. Public Health Service, and the American 
Dietetic Association. This method permits the planning of diabetic menus 
by the average layman on the basis of a protein/fat/carbohydrate pre- 
scription. The system is flexible enough to allow for a very large number 
of food combinations and is simple enough to permit restaurant eating 
without difficulty. All common foods are divided into six groups, or “ex- 
change lists,” on the basis of their composition. Milk in its various forms 
makes up the first list. The next three groups, the vegetable exchanges, 
fruit exchanges, and bread exchanges, contain foods of increasing carbo- 
hydrate content. The major protein-rich foods are found in the fifth 
group, and the fat exchanges in the sixth. 

Each exchange list is characterized by a set protein/fat/carbohydrate 
composition which holds true, approximately, for all the foods included 
in the group. Thus members of the same exchange list are freely inter- 
changeable in the menu without basically altering the amounts of pro- 
tein, fat, and carbohydrate ultimately provided by the meal. The physician 
or hospital dietitian need only supply the patient with the protein/fat/ 
carbohydrate diet prescription, and armed with it and the list of foods 
included in the exchange lists, the patient can easily make up a variety 
of menus which add up to his basic prescription.' Naturally, the patient 
must be taught to select his foods wisely so that all the protective foods 
are represented in his daily diet (Chap. 15). Thus the following should be 
included in the daily menu: at least one good source of vitamin C, 16 to 
24 fluid ounces of milk, one egg, at least four ounces of meat or its 
equivalent, two servings each of fruits and vegetables, and adequate 
amounts of fats and enriched cereal products. 

Other systems of diabetic dietary management exist and are of definite 


‘The illustrated brochure, “Meal Planning with Exchange Lists,” together with 
nine meal plans of varying carbohydrate content, is available at nominal cost from 
the American Dietetic Association (620 North Michigan Avenue, Chicago 11) or 
the American Diabetes Association, Inc. (1 East 45th Street, New York 17). These 
plans limit the proportion of calories contributed by carbohydrates to about 40 per 
cent, and their general composition resembles the dietary recommendations in this 
chapter. ; 
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value. Emphasis has been placed on meal planning with the exchange 
list system because of the simplicity of the method; however, this should 
not reflect lack of merit on any of the other systems in use at present. 


Juvenile Diabetes 


The treatment of diabetes in the child is governed by the same general 
principles as treatment of adult diabetes, but special consideration must 
be given to certain peculiar facets of the disease in children: (1) as a 
rule, juvenile diabetes is of a more severe type; (2) insulin is an obliga- 
tory part of the treatment; (3) the blood sugar level is much more labile, 
and both hyperglycemia or hypoglycemic insulin shock are more easily 
produced; (4) the nutritional requirements of the growing child are 
greater and are subject to gradual change; (5) physical activity is more 
erratic in the child; (6) emotional factors, particularly during adolescence, 
are less predictable and are likely to influence the course of the disease; 
(7) intercurrent infections may throw the young diabetic into acidosis 
quickly and unexpectedly. 

Whereas many of the older patients are obese, and a majority have 
a gradual onset of the disease, most children and young adult diabetics 
experience a relatively sudden onset of the disease and they tend to be 
undernourished when the condition is first diagnosed. During the initial 
period of treatment, provisions must be made for rebuilding the young 
diabetic’s body tissues and nutritional stores. It is thus desirable to 
provide 3 or more grams of protein and 80 or more calories per kilogram 
of ideal body weight. Supplementation of the diet with up to five times 
the normal vitamin requirements is also highly desirable during the initial 
period. Once the patient has become stabilized, the Recommended 
Dietary Allowances of the Food and Nutrition Board (Table 22) are 
a good criterion for his nutritional requirements, and a meal plan based 
on the principles of the dietary diabetic management in adults may be 
adopted. However, several points must be emphasized at all times: 
(1) milk and milk products should be included in generous quantities 
since otherwise calcium, the chief mineral requiring special attention in 
childhood, may not be supplied in adequate amounts, (2) continued sup- 
plementation with 400 I.U. of vitamin D daily is desirable; (3) the 
distribution of carbohydrates throughout the day should be relatively 
uniform, and this should include between-meal snacks and a late bed- 
time snack; (4) the use of concentrated sweets must be avoided since 
the margin between hyperglycemia and hypoglycemia is very narrow 
in the juvenile diabetic; (5) the food intake must be adjusted by ex- 
perience according to the amount and type of insulin used and in con- 
formance with the pattern of physical exercise of the young patient. 
In the last analysis it is this latter adjustment, based on a certain amount 
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of hit-or-miss juggling, which will teach the parent and the young 
patient how to walk the narrow path between glycosuria and hypo- 
glycemic reaction to insulin therapy. 


Artificial Sweeteners and Diabetic Foods 


Saccharin and the cyclamates have become standard aids to diabetics 
who have to avoid the use of sugar, and both are harmless compounds. 
Sodium cyclamate may contribute more sodium than is desirable to 
patients on a controlled sodium intake; the use of calcium cyclamate is 
recommended in such cases. The artificial sweeteners are either added 
to foods by the diabetic (i.e., to coffee) or are incorporated by the 
manufacturer into special “dietetic” foods or sugar-free, low -calorie 
beverages. Canned and frozen fruits have presented a problem to the 
diabetic in the past because of the sugar or sirup used in their prepara- 
tion. Water packed fruits, with or without cyclamate sweetener, are now 
quite readily available. In general, as the trend today is to permit the 
patient to eat ordinary foods as far as possible, aside from sugar-free 
artificially sweetened beverages and canned fruits, the use of special 
diabetic foods is decreasing. 


CHAPTER 2 5 


NUTRITION AND DIET IN DISEASES 
OF THE GASTROINTESTINAL TRACT 


Gastric Indigestion (Dyspepsia) 


Gastric “indigestion” refers to a syndrome which includes heartburn, 
nausea, upper abdominal discomfort, loss of appetite, distention, belching, 
and flatulence. The syndrome occurs either during or following the 
ingestion of food. Indigestion may be the result of organic disease of the 
gastrointestinal tract, or by reflex, of organic diseases originating else- 
where in the body. The majority of complaints occur in the absence of 
demonstrable organic pathology and are of “functional” character. Ex- 
cessive or rapid eating, inadequate chewing, air swallowing, ingestion of 
poorly cooked or very fatty foods, ingestion of gas-forming vegetables 
(onions, radishes, cabbage, beans, etc.), and mental strain and emotional 
upsets are among common causes of the condition. Dyspepsia due to 
nervous and psychoneurotic causes is probably the most frequently 
encountered type. 


Dietary Recommendations 


If the dyspepsia is of organic origin, the underlying disease process 
must be treated to obtain relief. In the majority of cases the disorder is 
of nervous origin and a certain amount of dietary regulation is bene- 
ficial. Each case must be treated on its own merit, and no simple dietary 
rule can be set down. Dietary regulation, when accompanied by excessive 
restriction of food, may actually be harmful. Many dyspeptics would 
avidly embrace certain food taboos, if encouraged; and for psychologic 
reasons and to ensure adequate nutrition, the patient should be given 
a well-balanced diet without much emphasis on restriction. Exceptions 
to this are cases where a patient is truly allergic to certain foods or where 
a patient with an abnormally sensitive digestive tract cannot tolerate 
known specific foods or excessive amounts of roughage. 

The patient is given a normal diet with a caloric intake adjusted accord- 
ing to his (desirable) body weight and physical activity. He should be 
told that his is a normal, well-balanced diet, and he should be instructed 
exactly how much to eat and when. If arrangements are left to him, the 
dietary regimen is likely to be unsuccessful. 
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Recommendations can be based on the food plan in Chap. 15, and 
initially a few daily menus may be given in detail. Emphasis should be 
on appetizing, well-cooked foods; excessive spicing and the delicatessen 
type of meal should be discouraged. Mealtimes should be set according 
to the patient’s needs and should be kept at all times. At least an hour 
should be allowed for dinner. Meals should be taken in a pleasant and 
relaxed atmosphere. Foods must be thoroughly chewed, and haste should 
not be permitted. Excitement after a meal is definitely detrimental, and 
a period of rest and relaxation should be encouraged after each meal 
for peaceful digestion. Nicotine in the form of cigarettes is objectionable, 
especially before meals, and alcohol is contraindicated for patients 
complaining of dyspepsia. (In selected cases, moderate quantities of 
alcohol may be beneficial because of its relaxant effects.) Because of the 
nature of the disorder, the successful treatment of functional or nervous 
dyspepsia depends to a large degree on the extent to which the physician 
can act as psychologist and can individualize the dietary regimen of 
the patient. 


Peptic Ulcer 


Peptic ulcer is a localized erosion in the mucosa of the stomach or 
duodenum and at times in the lower end of the esophagus or on the 
jejunal portion of a surgical gastrojejunostomy. Excessive secretion of 
acid gastric juice is the immediate etiologic factor in the production 
of the lesion as well as in the activation of a previously healed ulcer. 
Because of the nature and location of the disorder, diet therapy is an 
important part of the treatment. 

In the treatment of peptic ulcer a diet is used which (1) decreases 
secretion of gastric juice, (2) neutralizes stomach acidity, (3) decreases 
gastric motility, and (4) does not irritate the lesion mechanically. The 
ultimate in this respect is the historic Sippy diet. In the Sippy regimen, 
during the early days and even weeks of treatment, the patient is given 
three ounces of a mixture of equal parts of milk and cream every hour. 
This is supplemented by the hourly administration of neutralizing alkaline 
powders between the milk feedings. Eventually soft-boiled eggs and fine, 
cooked cereals are added, and as the condition of the patient improves, 
cream soups and puréed vegetables are included. 

In recent years, the tendency has been to liberalize the ulcer diet 
therapy. It is now believed that ulcer patients recover just as well when 
their diet is less restricted. Both the mental outlook and the nutritional 
status improve more rapidly when the dietary treatment is more tolerant 
and nutritionally better balanced. An increased intake of protein has 
been found particularly desirable. 
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Peptic Ulcer Diet 


During the first week after an acute attack, barring complications and 
provided acute pylorospasm is subsiding, the patient receives 4 ounces 
of a mixture of equal parts of milk and cream every two hours. Acid- 
neutralizing powders (such as mixtures of aluminum hydroxide and 
magnesium trisilicate) are given at bihourly intervals between the feed- 
ings. It is important to feed the patient at night until he is ready to 
sleep to overcome some of the nightly gastric secretion. Vitamin supple- 
mentation should be given during this phase of the treatment. 

Once the pain has decreased, particularly when the patient no longer 
awakens with night pains, soft-boiled eggs, fine cooked cereals (pre- 
cooked infant cereals are very good for this purpose), toast, and butter 
are added in order to counteract accumulation of gastric acid, and feed- 
ings are continued at night until bedtime. Neutralizing preparations are 
also administered between feedings; they usually remain part of the 
therapy in the future, depending on the physician’s judgment. As the 
pain relief continues, the diet becomes more varied and includes milk, 
cream, butter, margarine, cream and cottage cheese, soft-boiled or 
poached eggs, cooked cereals, toast, bananas, soft canned fruits, ground 
or tender beef, chicken, or fish (boiled or broiled, never fried), and 
soft-cooked vegetables. Eventually feedings become less frequent and 
the patient returns to a schedule of three meals and a substantial bedtime 
snack. Any preceding weight loss is now regained, and the nutritional 
status becomes normal. At this point the patient may be continued for 
a variable time on a bland diet (see below) until, in the opinion of the 
physician, he is “cured.” The nature of the condition is such that per- 
manent cures are rarely obtained and the personality structure of the 
ulcer patient makes for occasional future recurrences and exacerbations. 
Anxiety, emotions, fatigue, infections, and alcohol are the common 
precipitating factors of a recurrence, which may take place whether the 
patient observes a bland diet or not. In recent years a number of 
clinicians have expressed doubt about the need for a long-continued 


bland diet in peptic ulcer patients. 


The Bland Diet 


The bland diet is described at this point though it is by no means 
restricted to use in cases of peptic ulcer. This diet is often also a useful 
adjunct in the treatment of ulcerative colitis, gallbladder disease, divertic- 
ulosis and diverticulitis, gastritis, idiopathic spastic constipation, mucous 
colitis, and during postoperative care after abdominal surgery. 


242 NUTRITION IN DISEASE 


The bland diet is one which is mechanically, chemically, physiologically , 
and thermally nonirritating. 

1. It has a smooth and bland consistency and texture. Coarse fibers 
may irritate sensitive mucous membranes; seeds, skins, and hard cell walls 
of plant foods constitute a major source of coarse fiber in the diet and 
are undesirable. Indigestible carbohydrates (cellulose, hemicellulose, 
lignin, protopectin) are reduced or modified by outright elimination, 
thorough cooking and hydrolysis, or mechanical puréeing. Hard-to-digest 
connective tissue in meats (cartilage, collagen, and elastin fibers) is 
reduced by trimming or modified by thorough cooking with moist heat. 
Cooking with moisture is used in order to avoid toughening or hardening 
of soluble proteins. Fried foods are avoided. Fish contains little connective 
tissue and need not be ground or chopped. Meat cuts other than tender 
roasts and steak are shaved, ground, or finely chopped. Strained baby 
foods are used in this diet since they save the labor of puréeing foods 
in the kitchen. 

2. The diet has a bland taste and a chemically and physiologically non- 
irritating composition. An effort is made to reduce gastrointestinal stimula- 
tion and the resulting secretion and motility by eliminating strong spices 
and condiments. (Salt is permissible.) Meat extractives, found in con- 
sommeés, meat broths, and gravies, stimulate gastric and enteric secretion 
and are avoided. Strongly flavored vegetables (onions, radishes, dried 
beans) and those belonging to the cabbage family (cabbage, Brussels 
sprouts, cauliflower, etc.) are omitted because of their stimulating effect 
on the gastrointestinal tract and predisposition to gas formation. 

Coffee and tea are contraindicated and their intake limited in this 
diet because of the stimulating effects of caffein. Alcohol is positively 
withheld, and smoking is interdicted. 

3. The diet should be thermally nonirritating. Many physicians include 
the principle of moderate temperatures in their concept of a bland diet. 
Large quantities of very hot or very cold fluids (very hot drinks, ice tea, 
iced drinks) should be avoided. Smaller quantities of more slowly 
ingested hot or cold food items (e.g., ice cream, soup) are permissible. 

Milk, having excellent acid-buffering qualities, is an important in- 
gredient in any bland diet. On the other hand, prolonged dependence 
on milk may result in a deficient intake of nutrients not supplied by it, 
such as thiamine, vitamin C, and iron. Thus emphasis must be put on the 
inclusion of adequate amounts of eggs, meat, poultry, fish, and enriched 
fine cereals. It is important that foods high in vitamin C be included once 
or twice a day since all vegetables and practically all fruits must be 
cooked before they can be used in the bland diet. (Citrus juices may 
be taken on a full stomach without danger of irritating the gastric 
mucosa. ) 
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Permissible foods 


Milk and milk products 
Weak tea 


Bland cream soups 

Enriched white or fine rye bread 

Bland crackers 

Precooked infant cereals 

Fine, cooked cereals 

Noodles, spaghetti, macaroni 

Cottage and cream cheese, very mild aged 
cheeses 

Eggs, in any fashion except fried 

Butter, margarine, cream, vegetable oils 

Tender ground meats, poultry or fish, 
roasted, broiled, baked, stewed 

Potatoes in all forms except fried (skins of 
baked potatoes should not be eaten); 
soft-cooked, strained, or chopped car- 
rots, peas, beets, spinach, sweet potato, 
squash, asparagus tips, tomatoes 

Soft-cooked or canned apples, peaches, 
apricots, pears (without skins or seeds) ; 
other soft-cooked fruits, if strained; raw 
soft bananas, avocados, strained fruit 
juices 

Bland puddings, junkets, custards, gelatin 
desserts, ice cream, sherbet 

Soft, unspiced cakes and cookies 


Foods excluded 


Alcohol 
Carbonated beverages 
Coffee or tea in any but minimal quantities 


Consommé, meat stock 
Coarse, whole-grain bread 
Breads containing seeds 
Whole-grain cereals 

Bran 


Sharp cheddar and all other strongly fla- 
vored cheeses 


Fried, salted, smoked, or tough meats, 
frankfurters, luncheon meats 

All raw vegetables; also cooked onion, cab- 
bage, cauliflower, Brussels sprouts, cu- 
cumber, peppers, turnips, radishes, corn, 
dried beans and peas 


All raw fruits except soft bananas and 
avocados; also canned or cooked figs, 
pineapple, berries 


Pies, pastries, doughnuts 


Spiced baked goods 
Nuts, pickles, condiments 


Sample Menu: Bland Diet 


(Contains approximately 100 Gm protein, 90 Gm fat, 250 Gm carbohy- 
drates, and 2210 Cal) 


BREAKFAST: 

Milk (1 cup) 

2 soft-boiled or poached eggs 
1 slice white toast 

Butter, apple jelly 

Orange juice 


LUNCH: 


Macaroni and (mild) cheese (1 cup) 
Very soft, diced (or puréed) buttered carrots (% cup) 


Cream of tomato soup (1 cup) 
Plain soda crackers, butter 
Custard or butterscotch pudding 
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DINNER: 

Tender roast beef, trimmed, no gravy (5 0z) 
Buttered noodles (% cup) 

Tender yellow winter squash (% cup) 

White bread, butter, jelly 

Tomato juice (% cup) 

Orange sherbet (3 oz) 

BEDTIME SNACK: 

Whole or chocolate-flavored milk (1 cup) 


Diet in Peptic Ulcer Hemorrhage 


Many contemporary clinicians fee] that ulcer hemorrhage cases are 
served better by feeding than by withholding food. If the patient is not 
vomiting, a feeding program is promptly instituted. Bland liquid feedings 
of milk and cream are given day and night every two hours. This is later 
supplemented by puréed bland foods. A full diet, completely pureéd 
(Meulengracht diet) from the first day of the hemorrhage is also satis- 
factory. Vomiting on the part of the patient or a state of shock which 
is not compatible with alimentation is a valid contraindication for food. 


Diet during Pyloric Obstruction 


The treatment of pyloric obstruction is that of the underlying disorder, 
and often it may be surgical. In the case of pylorospasm due to ulcera- 
tion, a conservative approach may be tried. The nutritional status of the 
patient is usually poor because of the preceding nausea and limited food 
intake. Parenteral nourishment may be indicated at the onset of treat- 
ment to correct the dehydration, hypoproteinemia, and acid-base im- 
balance which is likely to be found in pyloric stenosis of several days 
standing. The obstruction is overcome by continuous gastric suction or 
frequent lavage, night and morning. Between aspirations, the patient is 
first given small amounts of milk. Diminishing gastric residues between 
aspirations indicate clinical amelioration, returning gastric tone, and 
some passage of food through the pylorus. 

Gradually, a puréed, bland diet is given in small amounts and gastric 
aspiration spaced further apart as the need for it diminishes. The emphasis 
should be on a highly concentrated, protein-rich, low fat diet for the 
first few days; fat tends to decrease gastric motility and tone, which is 
undesirable in this case, and the debilitated nutritional state of the 
patient should be corrected quickly. 


The Irritable Colon Syndrome 


This name describes a common functional disorder in which the 
dehydrating, mucus-secreting, and motor activities of the colon are de- 
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ranged. Terms like mucous colitis and spastic colitis are used to describe 
particular aspects of the general condition. The etiology of this disorder 
may lie with any one or a combination of the following: psychogenic 
stimuli in anxious, hypertonic, tense, or harried individuals, chronic 
faulty habits with regard to food intake or elimination (rapid or irregular 
eating, repeated failure to respond to the urge to defecate, frequent ill- 
advised use of enemas and laxatives), and possibly allergy to specific 
foods. Usually the patient is constipated, but he may have periodic loose 
stools and even occasional severe diarrhea. In some cases pure mucus is 
produced on straining at stool. 

Treatment must include the psychologic as well as physical aspects of 
the disorders. Mental and physical rest and the regaining of emotional 
stability are prime therapeutic prerequisites and usually more important 
than dietary regulation. The patient must be broken of any existing 
laxative or enema habits. He is instructed to observe regular meal hours 
in order to encourage regular bowel movements. No meal should be 
omitted. The food should be eaten slowly and, unless puréed, should 
be chewed well. Since the ingestion of food on an empty stomach serves 
as a stimulant for intestinal peristalsis, the patient is encouraged to move 
his bowels, without excessive straining, at the same propitious time 
every day, namely, 15 to 40 minutes after breakfast. The severely con- 
stipated patient may be helped initially with small quantities of mineral 
oil. On the other hand, diarrheal episodes may be treated with demulcent 
substances to thicken the excreta. 

Obviously, no single dietary program is satisfactory for the divergent 
forms of the disorder. Many clinicians agree that in the face of recurring 
diarrhea, it is well to begin management with a low residue diet (see 
below) which would allow the irritated colon the greatest possible rest. 
Once the episodes of diarrhea have subsided and as improvement war- 
rants, additional lean meat, toast, cottage cheese, banana, and potato may 
be added in the order given. Vitamin supplementation is necessary since 
the nutritional state of patients who have suffered from recurrent diarrhea 
is likely to be subnormal. It is advisable to offer tap water in liberal 
quantities between meals; a pinch of salt per glass is a wise precaution 
because of a possible prolonged electrolyte loss. Alcohol is best interdicted 
until after total recovery. 

The treatment of persons with the irritable colon syndrome who are 
constipated differs from the above outline. These patients are given a 
bland, soft diet which is relatively high in residue. Only foods are used 
which are easily digested and not likely to irritate the bowel (see bland 
anticonstipation diet, below ). Patients are urged to drink 6 to 12 glasses 
of tap water during the day to counteract excessive dehydration of the 
contents of the lower bowel. 
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It is important that true food allergy be ruled out in all cases of the 
irritable colon syndrome since allergy to specific foods calls for a dif- 
ferent dietary regimen (Chap. 38). 


The Low Residue Diet 


The low residue diet is described at this point though it is by no means 
restricted to use in the irritable colon syndrome. This diet is also a useful 
adjunct in the treatment of diarrheas and gastrointestinal inflammation 
of varied origin such as tuberculous colitis, regional ileitis, ulcerative 
colitis, amoebic and bacillary dysentery, and before and after gastroin- 
testinal surgery—especially of the lower bowel. 

A low residue diet is one which will leave a small or minimal residue 
in the lower intestinal tract after digestion and absorption has taken 
place proximally. Such a diet is desirable in any condition where the 
presence of bulky fecal masses in the lower bowel would constitute a 
strain on this organ, particularly after surgery involving the lower 
intestine. An extreme form of the low residue diet, the nonresidue diet, 
is used in preparation of the patient for intestinal surgery (see Chap. 37 
for a brief discussion of the nonresidue diet and sample menu). Low or 
nonresidue diets tend to rehabilitate the diseased organ by easing 
obstruction, distention, edema, inflammation of the bowel wall, and 
dehydration. 

Lean meat, white poultry meat, lean fish, liver, hard-boiled eggs, rice, 
gelatin, strained fruit juices, sugar, and other refined carbohydrates 
leave minimal residues. Milk, whether boiled or raw, produces a par- 
ticularly bulky residue, while cottage cheese does not. Fruits and 
vegetables, rich fatty foods, potatoes, soft-boiled eggs, butter, lard, 
Swiss cheese, and lactose produce large residues. Experience has shown 
that less material will be carried into the colon if the diet is kept fairly 
dry. Consequently, fluids are omitted or limited at mealtime and given 
in small quantities between meals. Better absorption is obtained if food 
is given in small amounts several times during the day. 

In consideration of the conditions for which the low residue diet is 
prescribed, it also incorporates the basic features of a bland diet (see 
section on bland diet, in this chapter). Thus indigestible carbohydrates 
and proteins as found in fruits and vegetables (especially when raw), 
uncooked cereals, bran, skins, seeds, nuts, and fried foods are omitted, 
as are strong spices and condiments, relishes, and onions. 
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Sample Menu: Low Residue Diet 


(Contains approximately 90 Gm protein, 45 Gm fat, 235 Gm carbohy- 
drate, and 1705 Cal. Serve only the listed fluids with each meal. Additional 
fluids are permitted between meals. ) 


BREAKFAST: 

Precooked infant rice cereal with sugar and a minimum of cream 
(% cup) 

2 scrambled eggs (well done) 

Decaffeinated coffee, sugar (1 cup or less) 


10:00 a.m.: 
Strained orange juice (% cup) 


LUNCH: 

Broiled filet of haddock, lemon (4 oz) 
Rice, lightly buttered (% cup) 

Cottage cheese (3 oz) 

Raspberry jello 

Decaffeinated coffee, sugar (1 cup or less) 
3:00 P.M.: 

Sweetened, clear grapefruit juice (4 cup) 


DINNER: 

Chopped broiled calf’s liver patty (4 oz) on toast 
Noodles, lightly buttered (% cup) 

Lime (or orange) sherbet (3 oz) 

Vanilla wafers 

Decaffeinated coffee, sugar (1 cup or less) 


BEDTIME SNACK: 


Sweet cider (% cup) 
Ladyfingers 


Bland Anticonstipation Diet 


This diet combines the basic characteristics of the bland diet with 
the principle underlying any diet for relief of constipation, namely, to 
supply enough material which is nonabsorbable in the small intestine 
and which will thus enter the large intestine and contribute bulk to aid 
in its evacuation. It is important that the diet be well balanced with 
respect to all essential nutrients because some chronically constipated 
patients also tend to be chronically malnourished. 


Dietary Pattern 
The qualitative dietary pattern of the bland anticonstipation diet is 
essentially that of the bland diet; ie., food items that are mechanically, 
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chemically, physiologically, and thermally irritating are excluded. The 
foods to be avoided are listed in the section on the bland diet. However, 
coffee is permitted because of its peristalsis-inducing action. A quantita- 
tive difference exists inasmuch as six servings daily of fruits and vegetables 
are included because of their bulk-contributing propensity. 

The permissible raw vegetables are chopped lettuce and ripe tomatoes. 
Other permissible vegetables are soft-cooked or canned carrots, asparagus, 
beets, mushrooms, pumpkin, spinach, peas, squash, tomatoes, and puréed 
Lima beans or corn. Three servings of vegetables are given each day. The 
permissible raw fruits are bananas and avocados. Other permissible 
fruits are soft-cooked or canned apples, apricots, pears, peaches, cherries, 
and orange and grapefruit sections, all without skins or seeds. Puréed, 
cooked dried fruits are also acceptable. Patients are urged to drink 6 to 12 
glasses of tap water daily between meals, and the fluid intake with meals 
is generous in this diet. 


Sample Menu: Bland Anticonstipation Diet 


(Contains approximately 90 Gm protein, 100 Gm fat, 235 Gm carbohy- 
drate, and 2200 Cal ) 


BREAKFAST: 

Canned grapefruit sections (% cup) 
Hot oatmeal (% cup), milk, sugar 

2 soft-boiled eggs 

1 slice toast 

Butter, apple jelly 

Tomato juice (% cup) 

Coffee 


LUNCH: 

Macaroni and very mild cheese (1 cup) 
Sliced ripe tomatoes with hard-boiled egg 
Chopped cooked spinach (% cup) 

Plain soda crackers, butter 

Canned peaches (% cup) 

Coffee 


DINNER: 


Canned pear—cottage cheese salad 
Cream of tomato soup (1 cup) 

Tender roast beef (4 oz) 

Baked potato (do not eat skin), butter 
Soft, buttered, diced carrots (4 cup) 
White bread, butter 

Custard or butterscotch pudding (% cup) 
Coffee 
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BEDTIME SNACK: 


Milk or chocolate-flavored milk (1 cup) 
Baked apple (do not eat skin, seeds, or core) 


Amoebic Enteritis 


Protozoan infections of the bowel are more common than generally 
suspected. The most acute disease process is produced by Endamoeba 
histolytica, a true parasite which produces ulceration of the lower bowel 
of varying degree. In the acute state of amoebic dysentery, dietary regula- 
tion is a valuable aid in the treatment of the disease. Solids should not 
be given. At first, food intake is restricted to broths; this may be cautiously 
followed by boiled milk. As the acute symptoms subside, precooked 
(infant) cereals, hard-cooked eggs, and toast are added to the diet. 
(Some clinicians avoid milk and feed precooked cereals, hard-cooked 
eggs, and toast during the acute stage.) Eventually the dietary regimen 
grades into a bland, low residue diet. The bland, low residue diet is 
continued until the specific drug therapy has been successful and all 
evidence of intestinal irritation has subsided. 


Bacillary Dysentery 


Acute infections of the bowel by Shigella and Salmonella organisms are 
characterized by frequent passage of loose stools containing fluid and 
mucus and, in many cases, blood and pus. As the number of stools in- 
creases, dehydration and weight loss may become severe. In infants the 
mortality rate is high, and thus any adjunct to the primary drug therapy 
is of importance. 

It may be necessary to administer fluids parenterally to counteract the 
rapid dehydration. Provided they are not vomiting, dehydrated infants 
should be given liberal quantities of water, dilute sugar and saline solu- 
tions, or cold bouillon, which tends to restore some of the lost electrolytes. 
As nausea decreases, boiled milk (without any added carbohydrate ) may 
be given. To counteract the diarrhea, scraped ripe apple pulp may also 
be given every 2 to 4 hours as tolerated. Eventually, as the acute symp- 
toms subside, the infant’s regular feedings may be gradually readopted. 

In the case of adults, clear fluids should be taken liberally as tolerated 
(water, saline, bouillon, strained juices). This is followed by boiled 
milk and later by a very dilute boiled milk—infant cereal mixture. As 
the acute symptoms subside, the patient’s dietary regimen grades into 
a bland, low residue diet, which is continued until recovery is complete. 


Chronic Ulcerative Colitis 
This disease is a chronic, inflammatory, and ulcerative disorder of 
the colon, with nonspecific etiology. Remissions and exacerbations are 
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not uncommon. The condition may produce extensive systemic symp- 
tomatology such as marked weight loss, weakness, anorexia, and 
nutritional deficiencies with anemia and hypoproteinemia. 

Inasmuch as the specific etiology is unknown (psychogenic, allergic, 
and secondary microbial factors are implicated), the foremost objective 
is to support the patient’s strength and nutritional status and to afford 
the inflamed and ulcerated bowel maximal rest. 


Dietary Treatment 


The dietary treatment of ulcerative colitis should be accompanied 
initially by prolonged bed rest and adequate psychotherapy. Elimination 
diets (Chap. 88) may be employed if true food allergy with lower bowel 
symptomatology is suspected. The diet for chronic ulcerative colitis 
should be high in calories, high in protein, rich in vitamins and minerals, 
bland, and low in residue. In the beginning the problem may be one 
of creating appetite, and when symptoms are acute the patient may be 
able to take only small quantities of food, which should then be of a very 
concentrated nature. 

High quality proteins should be given liberally since nitrogen losses, 
in the form of exudates and hemorrhages from the affected bowel 
mucosa, may be of considerable magnitude. In addition there is in- 
creased tissue protein catabolism during fever and, especially in cases 
of long standing, failure of synthesis of protein as a result of impaired 
hepatic function. 

Contrary to a widespread assumption, milk is not a low residue food; 
it leaves a bulky residue in the colon. Also, many patients do not tolerate 
it well, and a true allergy may be involved in these cases. Thus emphasis 
is on other sources of protein, such as tender meats, fish, fowl, liver, 
and eggs. Protein concentrates may also be used, and when tolerated, 
dry skim milk may be added to increase the protein level of the diet. 

Many patients are hospitalized when they first present themselves 
for treatment. Most hospitals adhere to a very definite dietary program 
in which the patient initially receives a restricted basic diet. This diet 
is used until the physician orders specific additions, one at a time. 
Additions and increases in the size of portions are made as quickly as 
tolerated to increase the caloric and nutritional content of the diet. 
Eventually a “full” diet is arrived at, which, however, is still a somewhat 
liberalized bland diet. In the long run, the diet in patients with chronic 
ulcerative colitis will vary with the extent and severity of the disease 
and the residual, individual psychologic and allergic factors. 
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Basic Diet for Chronic Ulcerative Colitis 


Permissible foods 


Decaffeinated coffee, weak tea, soft drinks 
(not iced) 
White bread, rolls, plain crackers 


Precooked infant cereals, other refined ce- 
reals 
Butter, margarine, cream, vegetable oils 


Tender, nonfried meat, fish, or fowl; eggs, 
mild cheese 

Macaroni, spaghetti, noodles, potatoes 
(except fried), refined rice 

Clear broths 

Puddings, custards, jellos, ice cream, sher- 
bet, cookies, cake, all without nuts, 
seeds, or fruit 

Honey, jelly, sugar, soft candy 


Foods excluded ‘ 
Milk and milk drinks 


Baked goods containing whole-grain flour, 
bran, or seeds 
Whole-grain or bran cereals 


All other fats 


All fruits 
All vegetables 
Any other meats, sausages, or cheeses 


All other soups 
Nuts, pickles, strong spices and condi- 
ments, popcorn, onion, garlic 


Hard candy or candy containing fruit or 
nuts; jam, marmalade 


Additions to Basic Diet in Transition to a Full Ulcerative Colitis Diet 


(Additions are made one at a time and in the order given.) 


. Orange juice or soft banana 
. Tomato juice, strained vegetables 
. Boiled milk 


ook WH 


beans 


. Pasteurized milk and milk drinks, as tolerated 
. Soft-cooked or canned apples, apricots, peaches, pears, cherries (no skins or seeds) 
. Soft-cooked or canned peas, pumpkin, squash, asparagus tips, carrots, puréed Lima 


Full Diet for Chronic Ulcerative Colitis 


Permissible foods 


Milk and milk drinks, tea, decaffeinated 
coffee, soft drinks (not iced) 

White or light rye bread, rolls, plain 
crackers 

Precooked infant cereals, other refined 
cereals 

Butter, margarine, cream, salad oil, salad 
dressing (plain) 

Any fruit juice, avocado, ripe banana, soft- 
cooked, baked, or canned apples, apri- 
cots, peaches, pears, or cherries (no skins 
or seeds), cooked, puréed dried fruits 
(prunes excluded) 


Foods excluded 
Coffee 
Baked goods containing whole-grain flour, 
bran, or seeds 
Whole-grain or bran cereals 


All other fats 


All other fruits 
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Soft-cooked or canned asparagus tips, 
peas, pumpkin, squash, beets, carrots, 
puréed Lima beans, tomato juice 

Tender, nonfried meat, fish, or fowl; eggs, 
mild cheese 

Macaroni, spaghetti, noodles, potatoes 
(except fried), refined rice 

Broths, bland cream soups 

Puddings, custards, jellos, ice cream, sher- 
bet, cookies, cake, all without nuts, 
seeds, or raw, hard fruit 

Honey, jelly, sugar, soft candy 
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All other vegetables 


All other meats, sausages, or cheeses 


All other soups 
Nuts, pickles, strong spices and condi- 
ments, popcorn, onion, garlic 


Hard ‘‘chewy” candy or candy containing 
fruit or nuts; jam, marmalade 


Sample Menus: Basic Diet in Chronic Ulcerative Colitis 


(Contains approximately 90 Gm protein, 120 Gm fat, 200 Gm carbohy- 
drate, and 2240 Cal) 


BREAKFAST: 


Cooked oatmeal with sugar (% cup) 


2 soft-boiled eggs 
2 slices white toast 
2 pats butter 

Jelly (1 full tsp) 
Weak tea, sugar 


LUNCH: 
Cold sliced chicken (3 oz) 


Maracroni and mild cheese (% cup) 


2 slices white bread 
2 pats butter 
Custard 


Weak tea, sugar 


DINNER: 


Clear chicken broth (% cup) 
Roast beef (4—6 oz) 


Buttered mashed potatoes (% cup) 


2 slices white bread 

1 pat butter 

Butterscotch pudding 

Weak tea, sugar 

BEDTIME SNACK: 
Ladyfingers, soft drink (not iced) 
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Full Diet in Chronic Ulcerative Colitis 


(Contains approximately 150 Gm protein, 220 Gm fat, 300 Gm carbohy- 
drate, and 3780 Cal) 


BREAKFAST: 

Precooked infant rice cereal with cream and sugar (14 cup) 
2 soft-boiled eggs 

2 slices white toast 

2 pats butter 

Jelly (1 full tsp) 

Orange juice (% cup) 

2 tbsp dried skim milk (use in cereal or the coffee) 
Decaffeinated coffee, sugar 


LUNCH: 


Cold sliced chicken (4 oz) 

Macaroni and mild cheese (% cup) 

Very soft buttered carrots (% cup) 

% canned pear, salad dressing 

2 slices white bread 

2 pats butter 

1 medium sliced ripe banana 

Milk-cream mixture! (1 cup) 

4 tbsp dried skim milk (stir into the milk) 


DINNER: 

Clear chicken broth (% cup) 

Tender ham (4-6 oz) 

Buttered mashed potatoes 

Buttered puréed Lima beans 

Egg salad (1 egg, mayonnaise) 

2 slices white bread 

1 pat butter 

Ice cream (% cup) 

Decaffeinated coffee, cream, sugar (1 cup) 
4 tbsp dried skim milk (take with the coffee) 


BEDTIME SNACK: 
Ladyfingers 


Milk-cream mixture! (1 cup) 


Regional Ileitis 


Regional ileitis (or regional enteritis) is a progressive disease of non- 
specific etiology characterized by inflammatory, hyperplastic, and 
granulomatous changes in the walls of the intestine. The condition 


’ Half milk, half cream. 
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commonly affects the lower ileum. Eventually, with diffuse granuloma 
formation, the wall of the bowel becomes markedly thickened and in- 
durated, the lumen narrows, and stenosis may result. Early, acute cases 
may subside spontaneously. Chronic cases tend to progress until arrested 
by surgical intervention. Dietary regulation is a good palliative until 
surgery is done, and if for some reason operation is not done, dietary 
palliation should continue. The diet should be of the bland, low residue 
type. Patients who are acutely ill should start on small feedings of pre- 
cooked infant rice cereal, hard-boiled eggs (to be well-chewed), and 
tender, scraped meat; this is gradually expanded to a full, bland, low 
residue diet, as tolerated. Multiple-vitamin supplementation should be 
given. The intestinal absorption of fats and fat soluble vitamins may be 
aided by the inclusion of a wetting agent in the diet (ie., the poly- 
oxyethylene derivative of sorbitan mono-oleate, 1.5 grams per meal). 


Tuberculous Enteritis 


Tuberculous enteritis is the most common complication of pulmonary 
tuberculosis. Tubercle bacilli swallowed with sputum from the tubercu- 
lous lungs are largely responsible. The ileocecal region is most com- 
monly involved. The condition may be ulcerative or hypertrophic, and 
the symptomatology may resemble ulcerative colitis or regional enteritis. 
The diet in this condition should be smooth, bland, high in protein, 
and low in residue. Orange juice and tomato juice should be given in 
liberal amounts between meals. Vitamin supplementation is necessary, 
and wetting agents are helpful in augmenting the absorption of fats and 
of the fat soluble vitamins. 


CHAPTER 3, 6 


NUTRITION AND DIET IN 
MALABSORPTION DISORDERS 


The Malabsorption Syndrome 


There exist a number of disorders which share a somewhat similar 
picture of nutritional deficiencies after the disease has run a prolonged 
course. These disease entities interfere with adequate intestinal absorp- 
tion of food elements which are essential for proper nutrition and normal 
life processes. Among these disorders may be counted: 


Celiac disease 
Sprue 
Idiopathic steatorrhea 


Certain disturbances of the pancreas, such as: 


Fibrocystic disease of the pancreas (the pancreatic manifestation of 
systemic mucoviscidosis ) 

Chronic pancreatitis 

Carcinoma of the head of the pancreas 

Stones in the duct of Wirsung 


In all these conditions the dried stools may contain 25 per cent, or more 
of fat, and fat absorption is considerably decreased from the usual 90 to 
95 per cent. Carbohydrate and protein absorption are variable and car- 
bohydrate absorption is usually impaired. In sprue, idiopathic steatorrhea, 
and celiac disease the pancreatic enzymes, trypsin and lipase are present 
in normal amounts in the small intestine. In the enumerated pancreatic 
disorders the pancreatic digestive enzymes are either absent in the 
duodenum or severely reduced. In both disease groups the stools are 
commonly bulky, runny, pale, and greasy, and the fermentation of non- 
absorbed carbohydrates makes them frothy. The clinical picture includes 
the signs and symptoms of severe multiple nutritional deficiencies, with 
or without the stigmata of chronic lack of folic acid or vitamin Bye. 

Clinical thinking in some quarters links the first three diseases together 
under one name, primary malabsorption syndrome. These disorders are 
considered by some to be variations of the same genetically transmitted 
metabolic derangement. Other workers feel that only celiac disease in 
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children and idiopathic steatorrhea in adults are manifestations of the 
same disorder, the basic etiology of which is a specific intolerance to 
protein-bound glutamine or a genetically conditioned inability to metabo- 
lize certain peptide configurations. 


Celiac Disease 


Celiac disease is a chronic intestinal disorder found in children, usually 
between the ages of 6 months and 6 years. It is characterized by anorexia, 
steatorrhea, diarrhea, arrest of growth, protuberant abdomen, and mul- 
tiple nutritional deficiency symptoms. The stools in celiac disease are 
bulky, loose, pale, fatty, and frothy because of fermentation of unabsorbed 
carbohydrates. The amount of pancreatic digestive enzymes in the duo- 
denum is normal. The absorption of fat and fat soluble substances and of 
carbohydrates is impaired. Remissions and exacerbations are character- 
istic for the disorder. The condition usually improves gradually after the 
age of 6; however, recurrences may occasionally be found in later life. 

Within the last few years, hypersensitivity to two protein fractions of 
wheat, rye, barley, and oats (gluten and gliadin) has been implicated as 
the causative factor in childhood celiac disease. More recently it has been 
demonstrated that in predisposed individuals it is the quantity of protein- 
bound glutamine in any given protein which is responsible for the 
symptoms of the disease. Presumably, the malabsorption of nutrients 
from the intestinal tract is the result of the reaction of the small intestine 
to the presence of protein-bound glutamine. Oats, barley, rye, and wheat 
contain large quantities of the offending substance and must be eliminated 
from the diet of the hypersensitive child. Rice, corn, and buckwheat 
protein contain a smaller proportion of protein-bound glutamine and are 
usually tolerated. This is also true of beef, fish, milk, egg, potato, and 
some of the legume proteins, all of which are inoffensive. 


Dietary Treatment 


At one time the diet prescribed in celiac disease was primarily fat-free 
and high in protein and in easily assimilated carbohydrates. If the child 
improved, an attempt was made to increase the fat intake. Vitamin and 
mineral supplements were also given. Contemporary usage relies on a diet 
which contains little or no protein-bound glutamine. Since wheat, rye, 
oat and barley are especially rich in the offending gluten and gliadin, 
these cereals are excluded. Rice and corn which contain little gluten and 
gliadin may be used eventually, if tolerated. Pure corn starch may be 
used as a thickener; wheat starch should be avoided lest it contain traces 
of the protein fraction of wheat. 

If the diagnosis is made early and the condition is in its beginning 
stages, the exclusion of all gluten- and gliadin-containing foods (see 
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below ) suffices, as the condition usually improves rapidly. If the disorder 
is of long standing and the child is ill, an additional modification is intro- 
duced: the amount of fat in the diet is restricted while the protein content 
is increased. Vitamin and mineral supplementation (see section on sprue ) 
is always advisable initially. 

The child’s appetite is usually poor at first, but should soon improve 
once the diet is started. Within 2 to 4 weeks the stools usually become 
normal and clinical symptoms subside. Foods containing gluten or gliadin 
should not be given for % to 1 year. After this period, some pure wheat 
starch may be added, but the subsequent stools must be carefully watched 
for signs of a relapse. As the child grows up, usually after the sixth year, 
the intolerance to protein-bound glutamine gradually disappears. Cautious 
reintroduction of wheat, rye, oats, and barley may be attempted at that 
time; such attempts should be abandoned if untoward symptoms re- 
appear. 


The Gluten-Gliadin Restricted Diet for Celiac Disease 


All products containing wheat, rye, oatmeal, and barley or their deriva- 
tives must be excluded. Labels on all commercially prepared or packaged 
foods must be read carefully. Food items which contain the offending 
substances or their derivatives or by-products must not be used; it is 
important to look for wheat-containing ingredients like farina, “starch” 
(unless designated as corn starch), noodles (including all the various 
specific proper names, i.e., spaghetti, etc.), dumplings, cracker meal, 
bread crumbs, matzo meal, ete. 


Permissible foods Foods excluded 


Skim milk, whole milk (as tolerated), soft 
drinks, cocoa and chocolate drinks 
which do not contain cereal thickeners, 
coffee made from ground coffee beans, 
tea 

Precooked infant cereal made from rice; 
refined cereals and cereal products made 
solely from rice or corn, if tolerated 


Cereal beverages (Postum, Ovaltine, 
malted milk), drinks containing cereal 
fillers or thickeners 


All other cereal products 


Bread or rolls made from potato flour, or 
rice, corn, and soy, if tolerated 

Meat, fish, fowl prepared as desired, but 
no gravies thickened with flour; no stuff- 
ing; no “breaded” cuts; no batter on 
the fowl 

Eggs, cheese 

Potatoes, rice 


Butter, margarine, oils, and other fats, as 
tolerated 
All pure vegetables (not creamed) 


All other breads, rolls, biscuits, or cereal 
products 

All other meats, meat loaves, luncheon 
meats, sausages, or any meat product or 
dish which contains cereal or flour 


Noodles, spaghetti, macaroni, or other 
flour derived dishes 

Omit salad dressings or mayonnaise made 
with flour thickeners 

Creamed or breaded vegetables 
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All fruits and fruit juices “I 
Clear broths and vegetable soups, cream _ All soups containing ‘flour’ (since this is 


soups if thickened with corn starch, usually wheat flour), noodles, or other 
cream, or potato flour cereal derivatives 

Jello, sherbet; home-made ice cream, rice Pastry, cakes, cookies, prepared mixes; 
or corn starch puddings (to ensure that most commercial puddings and_ ice 
wheat flour thickeners are not used) cream; ice cream cones 

Honey, jelly, jam, sugar, chocolate, home- All candy which contains cereal deriva- 
made candy prepared without cereal de- tives 
rivatives 


Sample Menu: Gluten-Gliadin Restricted Diet for Celiac Disease 


(Contains approximately 110 Gm protein, 70 Gm fat, 215 Gm carbohy- 
drate, and 1930 Cal) 


BREAKFAST: 

Orange juice (% cup) 

2 eggs, any style 
Precooked rice cereal, sugar 
Skim milk (1 cup) 

Ripe banana 

Beverage 


LUNCH: 

Lean ground beef patty (4 oz) 
Carrots and peas (% cup) 
Potato, any style 

1 pat butter (use with potato) 
Skim milk (1 cup) 

Sherbet (% cup) 

Beverage 

DINNER: 

Broiled chicken (5 oz) 
Chopped spinach (% cup) 
Squash (% cup) 

Mashed potatoes (% cup) 

2 pats butter (for vegetables) 
Skim milk (1 cup) 

Fruit cocktail (% cup) 
BEDTIME SNACK: 


Skim milk flavored with pure cocoa and sugar (1 cup) 
Sprue 
Sprue is a chronic deficiency disease of unknown etiology, charac- 


ae when of long standing, by impaired absorption of glucose, fats 
~ . . be ‘ 
and fat soluble nutrients, steatorrhea, diarrhea, weight loss, weakness, 
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hypocarotenemia, glossitis, hyperpigmentation of the skin, and a macro- 
cytic anemia with megaloblastic arrest of the bone marrow. Fully de- 
veloped, classical sprue is associated with a folic acid deficiency. Calcium 
and iron deficiencies may also be present. Because of the megaloblastic 
macrocytic anemia common to both, sprue and pernicious anemia have 
certain similar clinical features. However, the gastrointestinal absorptive 
defect and stool picture is characteristic of sprue, while lack of intrinsic 
factor and a degree of achlorhydria (Chaps. 11 and 33) are the dis- 
tinguishing marks of the patient with true pernicious anemia. Subacute 
combined degeneration of the sensory and motor neural pathways of 
the cord, a frequent complication of pernicious anemia, is rarely en- 
countered in sprue. 

Folic acid and/or vitamin B,»2 exert a beneficial effect on most of the 
clinical symptoms; they are specific for relief of the megaloblastic anemia, 
and usually result in a dramatic early improvement. The adrenocortical 
steroids have also proved very beneficial and may be lifesaving in very 
severe forms of the disease. 


Dietary Treatment 


Recent studies have shown that a large number of sprue patients in 
temperate climates (“nontropical sprue”) respond specifically to the 
gluten-gliadin restricted diet described in the section on celiac disease. 
Once the blood picture has returned to normal with the aid of folic 
acid therapy, these patients may remain asymptomatic on this diet, 
without further relapses. (It may require several months on the gluten- 
free diet before a response is obtained. ) 

The conventional diet used heretofore in the treatment of sprue is low 
in fat and high in protein, carbohydrate, and calories. Initially this diet is 
bland and the amount of residue is preferably restricted. A large propor- 
tion of the carbohydrates should be easily absorbed fructose. (Experience 
has shown that glucose and sucrose often cause gaseous discomfort in 
sprue patients.) The patient should receive vitamin supplementation (at 
least one therapeutic multivitamin capsule per day, conforming to the 
U.S.P. Hexavitamin Capsule strength) and 3 level teaspoons of calcium 
lactate daily, as well as 4 milligrams of water soluble vitamin K twice 
weekly. The intestinal absorption of fats and fat soluble vitamins may 
he aided by the use of edible wetting agents (polyoxyethylene derivative 
of sorbitan mono-oleate, 1.5 grams with each meal ). 

The diet will vary with the individual, depending on the extent of the 
absorption defect and the response of the patient. It is best to start with 
a restricted basic diet, which is used until the physician orders specific 
additions, one at a time. Eventually a “full” diet may be reached, which, 
however, is still a low fat, liberalized bland diet. In favorable cases, 
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appetite and weight are regained rapidly and the diarrhea soon ceases 
and improvement of the various absorptive defects occurs progressively. 
However, relapses are not infrequent. While some patients regain their 
full absorptive powers, this may not be possible in all cases, and frequently 


a defect in fat absorption remains. 


Basic Diet for Sprue 


Permissible foods 


Skim milk, tea, coffee, soft drinks (in most 
cases) 
Toasted white bread 


Lean meat, fish, fowl, or dry, nonfat cot- 
tage cheese, 6 to 10 oz daily; 2 eggs 
daily 

Potatoes 


Fat-free broths, soups made of strained 
vegetables and skim milk 

2 pats butter or margarine 

Ripe banana, soft-cooked, canned or baked 
apples, apricots, peaches, pears, cher- 
ries, without seeds or skins, fruit juices 
(except prune juice) 

Soft-cooked or canned carrots, peas, 
pumpkins, squash, beets, strained Lima 
beans 

Custards, jello, puddings, angel food or 
sponge cake, plain cookies, without 
nuts, seeds, or fruits 

Honey, jelly, corn sirup; sugar as tolerated 


Salt, small amounts of spices, vinegar 


Foods excluded 


Whole milk and chocolate-flavored drinks 


Fresh breads or rolls, crackers, breads con- 
taining bran, seeds, or whole-grain flour 

All other cereals 

Luncheon meats, sausages, fat or fried 
meat, fish, fowl; fried egg, any other 
cheese 

Fried potatoes, potato chips, macaroni, 
spaghetti, noodles, rice, hominy 

All other soups 


No other fat 
All other fruits 


All other vegetables 


Desserts made with whole milk or cream 
or high in fat content 


Hard candy, jam, marmalade, sirups other 
than corn sirup 

Strong spices and condiments, alcohol, 
chocolate, gravies, nuts, olives, pickles, 
popcorn 


Additions to Basic Diet in Transition to a Full Sprue Diet 


The enumerated additions are made one at a time and in the order given. Omit all 
foods which the patient does not tolerate. (In certain cases raw fruits and vegetables 
will remain permanently contraindicated.) 

1. Precooked infant cereals, cereal products, untoasted white or light rye bread 
2. Raw fruits and vegetables, but only as tolerated; skins and seeds not permitted 
3. Whole milk; eventually more butter or margariné if fat is well tolerated 
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: Full Diet for Sprue 


Permissible foods 


Whole or skim milk, tea, coffee, soft drinks 

White or light rye bread, rolls, plain 
crackers 

Precooked infant cereals, other refined 
cereals 

Lean meat, fish, fowl, or dry cottage 
cheese, 6-10 oz daily 


2 eggs daily 

Potatoes, spaghetti, macaroni, noodles, 
rice (no bran) 

Fat-free broths or fat-free soups made 
from permissible foods 

2 or more pats butter or margarine, as 
tolerated 

All fruits except those listed on the right 


All vegetables except those listed on the 
right 


Desserts which are high in fat content 
only occasionally; custards, jello, pud- 
dings, angel food or sponge cake, ice 
cream, plain cookies, all without nuts, 
seeds, or tough fruits 

Honey, jelly; sugar as tolerated 


Foods excluded 


Chocolate-flavored drinks 

Bread or rolls containing whole-grain flour, 
bran, or seeds 

Whole-grain or bran cereals 


Luncheon meats, sausages, fat or fried 
meat, fish, fowl; fried egg; any other 
cheese 


Fried potatoes, potato chips, hominy 
All other soups 
No other fat 


Fruits with indigestible skins, fibers, or 
seeds; fruit not tolerated by the indi- 
vidual 

Vegetables with indigestible fibers, skins, 
or seeds; Brussels sprouts, cauliflower, 
cabbage, cucumber, onions, dried peas, 
lentils and beans, radishes, turnips, 
broccoli if not well tolerated by the 
individual 

All other desserts 


Hard “chewy” candy, jam, marmalade; 
strong spices and condiments, alcohol, 
chocolate, gravies, nuts, olives, pickles, 
popcorn 


Sample Menus: Basic Diet for Sprue 


(Contains approximately 150 Gm protein, 40 Gm fat, 280 Gm carbohy- 
drate, and 2080 Cal) 


BREAKFAST: 

2 soft-boiled eggs 

2 slices white toast 
Honey (2 full tsps) 
Orange juice (% cup) 
Skim milk (% cup) 
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LUNCH: 

Broiled lean fish (5 oz) 
Mashed potatoes (% cup) 
Soft-boiled peas (% cup) 
2 slices white toast 

1 pat butter 

Honey (1 full tsp) 

Skim milk (1 cup) 

Sliced ripe banana 

Tea 

Dry skim milk (4 tbsp; stir into the tea or milk) 


DINNER: 


Lean, trimmed ham (5 oz) 
Baked potato (no skin) 
Soft-boiled sliced carrots (% cup) 
2 slices white toast 

1 pat butter 

Honey (1 full tsp) 

Sherbet (% cup) 

Skim milk (1 cup) 

Tea 

BEDTIME SNACK: 


Skim milk (1 cup) 
Plain cookie 


Full Diet for Sprue 


(Contains approximately 150 Gm protein, 80 Gm fat, 315 Gm carbohy- 
drate, and 2580 Cal ) 


BREAKFAST: 


Sliced orange (1) 

Precooked rice cereal (% cup) 
Glucose (1 tbsp; use with cereal) 
Milk (% cup) 

2 soft-boiled eggs 

2 slices white toast 

1 pat butter 

Honey (2 full tsp) 

Tea 


LUNCH: 


Broiled lean fish (5 oz) 
Mashed potatoes (4% cup) 
Soft-boiled peas (% cup) 
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% canned peach 

2 slices white bread 

1 pat butter 

Sliced ripe banana 

Milk (1 cup) 

Coffee 

Dry skim milk (4 tbsp; stir into the coffee or whole milk) 


DINNER: 

Sweetened grapefruit juice (% cup) 
Lean roast beef (6 oz) 

Baked potato (no skin) 
Soft-boiled sliced carrots (4 cup) 
Asparagus tips (4) 

2 slices white bread 

1 pat butter 

Honey (1 full tsp) 

Ice cream (% cup) 

Milk (1 cup) 


BEDTIME SNACK: 
Skim milk (1 cup) 
Plain cookie 


Idiopathic Steatorrhea 


When adult patients exhibit only the gastrointestinal symptoms of 
sprue, but not the complete symptomatology of the sprue syndrome, 
including the megaloblastic anemia, the trend has been to label the 
disorder idiopathic steatorrhea, after pancreatic disorders, intestinal 
lipodystrophy, lymphomata of the small intestine, amyloidosis, and 
chronic inflammatory disease of the small intestine have been ruled out. 
In many cases of idiopathic steatorrhea the course of the disorder is 
unpredictable. Some patients have a family history of the disease. In 
some patients the disease is of a constant, low-grade nature; other patients 
exhibit discrete exacerbations and remissions. 

Contemporary thinking among many clinicians links a majority of 
cases of idiopathic steatorrhea in the adult to the basic defect underlying 
celiac disease of childhood. The therapeutic approach is that of excluding 
foods rich in protein-bound glutamine from the patient’s diet. The recom- 
mended diet is that described above for celiac disease. Some patients will 
get along well on a normal diet with folic acid and/or vitamin By» 


supplementation. 


Pancreatic Disorders 


In pancreatic insufficiency with steatorrhea and malabsorption, the 
pancreatic digestive enzymes are absent from the duodenum. The stools 
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exhibit not only an increase in fat (and a variable increase in carbohy- 
drates) but also in nitrogen, attesting to malabsorption of undigested 
protein as well as of fat and some starch. In obstructive disorders, where 
possible, surgical treatment attempts to reestablish the flow of pancreatic 
digestive enzymes into the small intestine. Before surgery an attempt 
should be made to improve the nutritional state of the patient by giving 
pancreatic extracts (Pancreatin, U.S.P., 3 to 6 tablets after each meal), 
by administering wetting agents with each meal to enhance the absorp- 
tion of fats and fat soluble nutrients, and by intensive multivitamin 


supplementation. 


Mucoviscidosis (Fibrocystic Disease of the Pancreas) 


In this familial disease abnormal thick mucus is secreted by the epithe- 
lial lining of the interior of certain glands and organs and viscid mucous 
deposits obstruct, among other passageways, the pancreatic duct. As 
a result the duodenum contains little or no pancreatic trypsin, amylase, or 
lipase and malabsorption with subsequent severe multiple nutritional 
deficiencies are part of the disease picture. 

The condition is present at birth. It may be fatal during the first week 
of life because of intestinal obstruction caused by viscous masses of 
meconium. Steatorrhea appears very early, and the clinical picture re- 
sembles celiac disease, except that it develops almost from birth. (Later 
in life, because of the viscid exudate of the bronchial tree, recurrent 
severe respiratory infections tend to shorten the life of the patient. A 
program of continuously administered antibiotics or chemotherapy im- 
proves the prognosis considerably, but to date a large proportion of 
afflicted infants still fail to reach adulthood. ) 


Dietary Regimen 


The gluten and gliadin in wheat, rye, and other cereals play no part 
in this condition. A complete, well-balanced diet should be given in 
generous amounts to satisfy the child’s appetite. In fact, since much of 
the food is undigested and lost in the stools, extra quantities must be 
allowed if the child does not gain weight satisfactorily. If additional 
food is given, it is advisable to limit the amount of fat.in the diet since 
the smell of stools is more offensive when large amounts of fat are being 
excreted. The orally administered antibiotics, a routine prophylactic 
procedure to check the onset of respiratory infections in such children, 
is also of value in reducing intestinal fermentation. Pancreatic extracts 
should be given (see section above), and wetting agents (Tweens) are 
useful to increase the absorption of fats and fat soluble nutrients. The 
same multivitamin supplementation as used in sprue is indicated here. 
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Chronic Interstitial Pancreatitis and Carcinoma of the Head 
of the Pancreas 


In these diseases the character of the stools and the malabsorption 
are similar to the picture in mucoviscidosis since there is an insufficiency 
of digestive pancreatic enzymes. The dietary regimen is similar, except 
that the diet is adapted for usage by adults. 


CHAPTER aH 


NUTRITION AND DIET IN 
DISEASES OF THE LIVER 


Nutritional Aspects of Liver Function 


Any discussion of special diets for liver disease is best preceded by 
a consideration of the vital functions of this organ with regard to systemic 
nutrition. The liver plays a central role in protein metabolism. It receives 
and stores the greater part of the freshly absorbed dietary amino acids; it 
synthesizes them into body proteins, and it attends to their deamination 
and breakdown if there is no need for amino acids for anabolic purposes. 
The liver holds a considerable protein reserve which is drawn upon to 
indirectly replenish serum proteins as the need arises. 

The liver plays a vital role in carbohydrate metabolism. It helps to 
regulate blood glucose through conversion of excess glucose into liver 
glycogen, and it serves as a storehouse of this readily mobilized carbo- 
hydrate reserve. 

The liver exerts a similar controlling influence on lipid metabolism; 
it converts absorbed dietary fatty acids into circulating phospholipids; 
it synthesizes cholesterol, and it converts cholesterol into bile salts and 
secretes these; it oxidizes fatty acids to obtain energy; it interconverts 
proteins, carbohydrates, and fats, and it constitutes the body’s most 
mobilizable fat store. 

If one considers, in addition to the above, the elaboration of bile salts 
(essential for proper digestion and absorption of fats and fat soluble 
vitamins ), the detoxication of indole, skatole, and other substances, the 
conversion of 8-carotene to physiologically active vitamin A, the syn- 
thesis of prothrombin from vitamin K, the storage of vitamins A and D 
and of essential minerals, and a host of other vital functions, it becomes 
clear why a normal nutritional status depends on a healthy liver and 
why dietary therapy is important for the recovery of the diseased organ. 


Nutritional Aspects of Liver Disease 


Liver diseases have a variety of causes: infectious, parasitic, nutritional 
or metabolic, obstructive, toxic, and malignant. Among these, nutritional 
and metabolic causes play an unusually prominent part. Hepatic injury 
may be the result of inadequate protein intake or of an improperly 
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balanced diet with excessive fat intake; it may be caused by ingestion of 
toxic substances, or it may result from a combination of toxic agents 
and dietary neglect; it may even result from the excessive intake of a 
nutrient in the face of an underlying metabolic disorder (hemo- 
chromatosis ). 

The pathologic features of the various destructive or degenerative 
processes which involve the liver parenchyma are quite similar regardless 
of the etiology of the disease. Basic changes include fatty infiltration, 
atrophy, fibrosis, or focal necrosis. The protection of the parenchymal 
cells involves similar principles, and dietary means are in the foreground. 

In liver disease the diet should be formulated to permit the disabled 
liver to function as efficiently as possible, and it should protect the liver 
against metabolic stress. To counteract fatty infiltration and degeneration 
of the parenchyma, proteins of high biologic quality and rich in the 
lipotropic factors, which mobilize liver fat, should be supplied in generous 
quantities; simultaneously, the fat intake should be limited to a variable 
degree, depending on the disease. The diet should be high in carbohy- 
drates since the resultant accumulation of glycogen in the liver cells, 
together with adequate protein storage, exerts a protective action and 
counteracts tendencies to fatty metamorphosis or toxic injury in the 
parenchyma. (One exception to the generalization regarding a high pro- 
tein intake is hepatic coma, which is dealt with below. ) 


Infectious Hepatitis 


Infectious hepatitis is a not uncommon acute virus infection of the 
liver. The causative virus is spread by the oral-intestinal route. The 
disease may appear sporadically or in epidemic proportions; it is common 
among young people and in military establishments where crowding 
serves as a predisposing factor. Patients whose diet is generally inade- 
quate, whose protein intake is low, or who consume alcohol while ill 
are prone to complications, prolonged convalescence, relapses, or a 
fatal outcome. The treatment consists primarily of bed rest, diet, and 
avoidance of further injury to the liver. 


Dietary Treatment 

The diet should be high in calories, with emphasis on good quality 
proteins and carbohydrates rather than fat. The fat content should be 
reduced, but still compatible with attractive palatable meals. The phy- 
sician should explain to the patient the importance of his diet as a 
therapeutic measure and warn him against the possible prolongation 
of recovery and relapses which may follow an inadequate and unbalanced 
food intake. Patients are likely to have very poor appetites, and it is up 
to the physician or hospital staff to make sure that the prescribed diet 
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is actually consumed. Thiamine (10 milligrams daily) may be given to 
counteract the anorexia. 

The diet should contribute 45 calories per kilogram body weight per 
day. The protein intake should be about 1.5 grams per kilogram daily. 
The protein may be of both animal and vegetable origin, but should be 
mostly of high biologic quality; thus generous quantities of meat, fish, 
fowl, eggs, and skim milk are indicated. Special lipotropic supplements 
or amino acids are not needed if this rule is observed. “Milk shakes” 
made from dry skim milk powder, some fluid skim milk, eggs, and 
sugar and flavored with chocolate or any other desirable flavor are a 
great help in supplying a patient who lacks appetite with generous 
quantities of protein. They may be given between meals, or they may 
be used during meals to compensate for the patient’s rejection of other 
proteinaceous foods. 

The fat content should be held to about 25 per cent of the total calories, 
which is actually only a moderate restriction. It is best to provide the fat 
through dairy products, margarine, salad dressing, and eggs rather than 
through fried foods or gravies. 

Carbohydrates are given liberally to complete the caloric requirement. 
The following will exemplify the composition of the desired diet for the 
average adult case: 100 to 120 grams protein; 60 to 75 grams fat; 275 to 
335 grams carbohydrate. 

Multivitamin therapy is not specifically needed if the diet is well 
balanced, but it may be helpful in malnourished patients. Because of 
disturbed liver function (and—sometimes—biliary insufficiency with con- 
sequent lowered absorption of dietary vitamin K) low plasma prothrombin 
levels are not uncommon in infectious hepatitis. Patients with hemorrhage 
tendencies should receive a supplement of vitamin K (5 to 10 milligrams 
of menadione, daily, by mouth). Consumption of alcohol should not be 
permitted during the course of the illness and preferably for 4 to 6 months 
thereafter. 


Homologous Serum Hepatitis (Transfusion or Injection Hepatitis) 


This acute hepatitis is caused by a virus similar to that responsible 
for infectious hepatitis. Transmission is by injection or inoculation pro- 
cedures in which improperly sterilized needles are used or by transfusions 
with pooled plasma which contains material from a donor who carries 
the virus. The disease is not uncommon. Except for a very prolonged 
incubation period, the pathologic changes and clinical picture resemble 
those of infectious hepatitis and the dietary treatment is identical. 
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Hepatic Coma 


This is a syndrome of progressive confusion, apathy, personality 
changes, muscle contractions, spasticity, loss of consciousness, and 
eventual death. It is occasionally seen in patients with severely impaired 
liver function, particularly in those with cirrhotic livers and vascular 
shunts between the intestinal veins and the systemic arterial circulation 
due to portal obstruction (see below). It has been suggested that in 
hepatic coma, toxic nitrogenous materials from the bowel, presumably 
the result of bacterial action on protein foods, enter the systemic circula- 
tion and reach the central nervous system without prior detoxification by 
a normally functioning liver; this is aided by obliteration of the portal 
circulation and direct circulatory shunts from the intestine to the arterial 
systemic circulation (and thus to the brain). 

The blood ammonium-ion levels are characteristically increased in 
hepatic coma. A major feature of hepatic coma is ammonia intoxication 
of the central nervous system caused by failure of the liver to convert 
ammonia. to nontoxic urea. This ammonia is primarily derived from 
deamination of amino acids in the liver; some of it is derived from 
microbial breakdown of proteins in the intestine (and apparently some 
of it is the result of nonmicrobial deamination of amino acids in the 
intestine). Impaired ability of the liver to convert ammonia to urea may 
be the primary cause of hepatic coma. 

Since the traditional diet in liver disease is high in protein, there is 
ample opportunity for the elaboration of relatively large quantities of 
ammonia. If liver function is adequate, the resulting ammonium ions are 
concurrently utilized in the synthesis of urea and do not accumulate. 
On the other hand, a build-up of ammonium ions in the systemic circula- 
tion takes place in extreme failure of liver function, particularly if there 
is considerable shunting of portal vein blood through collateral channels 
or a portacaval anastamosis. The withholding of dietary protein, and 
thus amino acids, prevents such a build-up. (Recent studies appear to 
indicate that administration of the amino acid arginine also has a salutary 
effect on the course of hepatic coma. ) 


Dietary Considerations 


Though consumption of generous quantities of protein is a recognized 
essential part of liver therapy, excessive amounts should not be given 
since in selected cases hepatic coma might be precipitated. Thus the 
diet is limited to 2 grams protein per kilogram of body weight. The 
attending physician must be on the alert for the first signs of impending 
coma. If mental confusion or the characteristic “flapping” tremor (on 
extension forward of arms, hands, and fingers) is noted, the diet must 
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immediately be reversed. A low protein, moderately fat-restricted diet is 
given which contains less than 40 grams of protein, practically all of it in 
the form of animal protein. The patient may be returned to his high 
protein diet once the warning signs and symptoms of impending hepatic 
coma have subsided. 


Fatty Degeneration of the Liver 


Fatty infiltration of the liver may be seen in overly obese persons 
when the diet is unbalanced by an excessive fat intake. Fatty liver is 
also caused by exposure to toxic agents (chloroform, carbon tetrachloride) 
and by a diet severely deficient in protein. Fatty degeneration of the 
liver is also found in prolonged starvation, nonspecific malnutrition 
states, and ulcerative colitis (where, again, the lack of dietary lipotropic 
factors and low protein intake are implicated) and in metabolic disorders 
(lipoid dystrophy, diabetes mellitus) and chronic infections (tubercu- 
losis ). 


Dietary Treatment 


Except for treatment of any underlying disease process and avoidance 
of the responsible toxic agent, the treatment is by diet. The principles 
are the same as in other cases of liver disease; the recommended diet is 
high in good quality proteins, high in carbohydrates, and moderate in fat. 
The limited quantity of fat taken should be derived preferably from 
milk, margarine, salad oils, or eggs. 


Cirrhosis 


In long-standing cases of fatty degeneration or after cellular necrosis 
(without fatty degeneration ), the liver parenchyma is gradually destroyed 
and fibrous elements replace the liver cells. This process is prolonged and 
gradual in case of fatty degeneration and more rapid if it is the result 
of acute infectious or toxic damage. In either case, the end result is a liver 
which contains little active parenchymal tissue and consists primarily 
of fibrous tissue. Following fibrosis, local contraction of the fibrous tissue 
distorts the liver morphology and interferes with its normal circulation 
by obliterating the portal venous system. In contrast to the swollen, en- 
larged fatty liver, the cirrhotic liver is a contracted and irregularly dis- 
torted organ which has lost most of its function. 


Alcoholic Cirrhosis (Portal, or Laennec’s, Cirrhosis) 


This form of cirrhosis, probably the most common type in North 
America and Europe, is the end result of long-standing dietary neglect, 
coupled perhaps with direct toxic damage. (There is great doubt about 
the hepatic toxicity of alcohol.) Individuals who have taken excessive 
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amounts of alcohol for many years develop fatty degeneration; cirrhosis 
will result eventually if the alcohol intake is not reduced. These people 
usually eat a very poor diet; deficiency in protein consumption in par- 
ticular is blamed for the changes in the liver. 


Dietary Regimen 


If fatty infiltration is present, regeneration of liver parenchyma will 
take place if alcohol is strictly withheld and a dietary regimen is started 
which is high in protein and carbohydrate and moderately low in fat. 
The diet is that previously mentioned for other liver disorders and should 
contain at least 100 grams of high quality protein daily. Multivitamin 
supplementation is helpful initially and may be discontinued after 4 
weeks. If the patient’s appetite is small and capricious, the milk shakes 
mentioned in a previous section will be helpful. 

Even if cirrhosis is present, some fatty liver parenchyma will still have 
remained and the dietary regimen coupled with strict interdiction of 
alcohol will bring about some improvement. Many cirrhotics may thus 
be restored to a semblance of good health provided they do not con- 
sume alcohol and adhere to their liberal diet. 

The prognosis is not good when cirrhosis is very advanced; neverthe- 
less, diet therapy is a major factor in successful maintenance of the 
patient. Hepatic coma (see above) must be watched for in advanced 
cirrhosis. 


Sodium Restriction in Edema and Ascites with Cirrhosis 


One of the complications of advanced cirrhosis is water retention in 
the tissues due to hypoalbuminemia (secondary to liver failure) and 
accumulation of fluid in the abdominal cavity (ascites) due to raised 
portal pressure (which is secondary to the obstructed portal venous 
system). Restriction of dietary sodium has a salutary effect on the gen- 
eralized edema and on the accumulation of ascitic fluid. 

The desired sodium limitation varies with the individual case. Gen- 
erally, a diet containing between 1.15 to 2.3 grams of salt (20 to 40 
milliequivalents of sodium) per day will keep the cirrhotic patient “dry” 
after paracentesis. The sodium intake of the “dry” patient may be 
cautiously liberalized until the point is reached where a rapid weight 
gain indicates water retention. The patient should be weighed daily, 
and the abdomen palpated for ascitic fluid. A very slow, steady gain in 
weight should be expected as the clinical and nutritional picture im- 
proves and the total body tissue mass is built up again. A rapid weight 
gain from one day to the next indicates water retention and constitutes 
a signal to lower the sodium intake. | 

The average patient has no difficulty consuming a low sodium diet 
which provides a liberal caloric allowance (50 to 100 per cent over the 
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basal caloric requirement), 2 grams of protein per kilogram of body 
weight, 25 per cent of the calories in the form of fat, and the remainder 
of calories as carbohydrates. Eventually, as the fluid retention subsides, 
the patient may be permitted moderate or even normal amounts of salt. 
A detailed discussion of sodium restriction and low sodium diets is 
found in Chap. 29, Nutrition and Diet in Cardiovascular Diseases. 


CHAPTER 28 


NUTRITION AND DIET IN 
DISEASES OF THE BILIARY TRACT 


Biliary Function and Dysfunction 


In the healthy individual, the elaboration and release into the intestine 
of adequate quantities of bile are essential to normal digestion and absorp- 
tion of fats and fat soluble nutrients (Chap. 9) and of a number of 
metabolites and hormones which course through the-enterohepatic cir- 
culation during the digestion of foods. Between meals the gallbladder 
concentrates the dilute bile which is elaborated by the liver and serves 
as an inactive reservoir. Diets high in protein tend to increase hepatic 
bile production. High carbohydrate diets and dehydration decrease bile 
formation. Before meals the gallbladder is ordinarily full and relaxed 
and the sphincter of the common bile duct (the sphincter of Oddi) is 
normally closed. As food is ingested, the presence of cholagogues like 
fats or fatty acids in the duodenum stimulates the sphincter of Oddi to 
relax and initiates contraction of the gallbladder. This ensures the release 
of the stored bile into the duodenum at the most propitious time for the 
digestion and absorption of fats and fat soluble nutrients. 

Biliary dyskinesia, gallstones, acute cholecystitis, chronic gallbladder 
inflammation, and cholangiohepatitis constitute different types of biliary 
tract disorders. Nevertheless, they are best looked upon not as separate 
disease entities, but as phases of pathologic evolution which may occur 
in succession or simultaneously. 


Biliary Dyskinesia and Postcholecystectomy Syndrome 


This disorder of biliary function and flow is caused by abnormal 
pressure relationships in the biliary tract. In hypertonic dyskinesia there 
is contraction of the gallbladder and peristalsis of the filled common 
duct in the face of concomitant spasm of the common duct sphincter, 
which prevents release of the bile into the duodenum. In atonic dyskinesia, 
the sphincter of Oddi is contracted against a passively distended, tone- 
less gallbladder. After cholecystectomy, abnormal spasm of the sphincter 
may result in an increase in intraductal pressure in the absence of the 
gallbladder. 
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Dietary Regimen 

The dietary treatment is aimed at prevention of the painful colic. 
Because they are powerful cholagogues, fats are contraindicated in 
hypertonic dyskinesia, and the low fat diet (see below ) is a time-honored 
adjunct in the treatment of this disorder. In the patient who has just 
been cholecystectomized, fats are also strictly limited, while a high 
protein diet is given to stimulate the flow of bile and bile salts. (In 
addition, pure bile salts may be given to alleviate dyspepsia after 
cholecystectomy. ) 

Many patients with biliary disorders find that certain foods tend to 
precipitate dyspeptic symptoms. The implicated group includes some 
of the strongly flavored or gas-producing vegetables like onions, garlic, 
cabbage, radishes, sauerkraut, cucumbers, turnips, Brussels sprouts, 
dried beans and peas, and some spicy foods like curries and peppers. 
Some patients have distress after coffee, fruit juices, candy, or concen- 
trated sweets. If not tolerated well, such foods must be excluded from 
the diet of the patient with biliary disorders. 


Gallstones (Cholelithiasis) and Biliary Calculi (Choledocholithiasis) 


In the United States, gallstones are found in about 10 per cent of 
adults who come to autopsy. They are much more common in females 
than in males, more frequent among fair, obese, parous women, and 
usually become troublesome during the forties. Though obesity and 
pregnancy are predisposing factors, other contributing factors may be 
sought, perhaps, among nutritional abnormalities, disturbed cholesterol 
metabolism, biliary stasis, and genetic make-up. The incidence varies 
from country to country and appears to be higher among individuals who 
favor a high calorie, high fat intake. There are some indications that the 
predisposition to the disorders runs in families. 

The presence of stones in the gallbladder is usually discovered when 
they obstruct the ampulla of the bladder or its duct—ordinarily a tem- 
porary occurrence which leads to-a painful colicky episode, the gall- 
bladder attack. The attacks usually subside spontaneously within a few 
hours when the stone drops back into the body of the gallbladder. 

When a stone has passed into the common duct and obstructs it, 
similar, more prolonged attacks occur. Here the obstruction, though not 
always absolute, will be prolonged until relieved by surgical intervention. 
(Small stones may pass into the duodenum with a spontaneous clearing 
of the disorder.) In choledocholithiasis the passage of bile into the 
duodenum is interrupted, transient jaundice may be seen, absorption of 
fats and fat soluble nutrients is impaired, and the stools will be light 
colored because of the absence of bile pigments. If the condition is unre- 
lieved over prolonged periods, biliary back pressure and stasis may 
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damage the liver parenchyma. Repeated attacks may lead to acute or 
chronic cholecystitis with its complications. (If the obstruction is low 


enough, biliary back pressure may lead to episodes of acute pancreatitis 
or, eventually, chronic pancreatitis. ) 


Principles of Dietary Regimen 


Antispasmodics and analgesics are used to help the patient weather 
the colicky episode. Between attacks, and before and after corrective 
surgery, a low fat, low calorie, high protein, high carbohydrate diet is 
employed. This diet is designed to decrease the stimulus for gallbladder 
and bile duct contraction and to lessen the likelihood of repeated attacks, 
by excluding the most powerful cholagogues, fats. Fats are also severely 
limited since as long as bile does not enter the duodenum, lipids will be 
poorly absorbed, the patient may suffer “indigestion,” and the stools are 
apt to be very offensive if much fat is present in the large intestine. 
Between attacks, when dietary fats are absorbed, it is also of importance 
to keep fat in the diet to a minimum in order to spare the liver, which is 
in a precarious position because of repeated chemical trauma from 
biliary backwash. 

The daily protein intake is best set at from 1.5 to 2 grams per kilogram; 
little is gained by a higher protein consumption. Because of its high 
protein content, the diet presumably exerts a lipotropic and protective 
effect on the liver and thus decreases the eventual surgical risk. The 
caloric contribution of the diet varies with the individual. Since the 
majority of gallbladder patients is obese, the caloric intake is usually 
restricted with a view to weight reduction. 

Foods which are known to cause dyspepsia in the individual (see 
section on biliary dyskinesia ) should be excluded from the diet. However, 
these items may be eaten if they are tolerated well. The purpose of the 
diet is to aid the patient, not to restrict him unnecessarily. 

Supplementation with the fat soluble vitamins is indicated. This is 
particularly important in the case of vitamin K. Patients with biliary 
obstruction usually have a low blood prothrombin level because of 
diminished absorption of this vitamin. The resultant bleeding tendency 
increases the surgical risk and should be corrected by parenteral supple- 
mentation before surgical intervention (2 to 4 milligrams menadione daily 
for three successive days before the operation ). 


Low Fat Diet for Gallbladder Disorders 
Permissible foods Foods excluded 


Skim milk, tea, coffee only if tolerated, Whole milk, cream 
soft drinks 

Any enriched breads, crackers, nonfat rolls | Butter rolls 

Any nonfat cereal foods (preferably en- Griddle cakes, waffles, doughnuts 
riched) 
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Butter, margarine, or salad oil, limited to 
3 tsp/day 

Lean meat, fish, fowl; cottage cheese; one 
egg daily (not fried) 


Potatoes, noodles, spaghetti, rice 
Any vegetables except those excluded on 
the right 


Any fruits except those excluded on the 
right 

Any low fat soups 

Angel food cake, plain vanilla wafers, fruit 
whips, gelatin desserts, sherbet, pud- 
dings made with skim milk 

Only if tolerated: honey, jam, jelly, sugar, 
sirups, sugar candy 


IN DISEASE 


All other butter, margarine, cooking fats, 
oils, salad dressing, mayonnaise 

Fatty or fried meat, fish, fowl; bacon, 
luncheon meats, sausages, all other 
cheeses, fried egg, gravies 

Fried potatoes, potato chips 

Depending on the individual, and if not well 
tolerated, any or all of the following: 
onions, cabbage, Brussels sprouts, cauli- 
flower, cucumber, peppers, dried beans 
and peas, radishes, turnips, sauerkraut 

Avocados; if not well tolerated: melons, 
raw apples, berries 
Fatty soups 

Rich pastries, pie, ice cream, whipped 
cream, cookies, cakes 


Chocolate, chocolate candy (pure cocoa 
may be used for flavoring purposes); 
candy containing nuts, fat, or lecithin 

Olives, nuts, peanut butter, buttered pop- 
corn; if not well tolerated: spices, spiced 
dishes, condiments, pickles 


Sample Menu: Low Fat Diet for Gallbladder Disorders 


(Contains approximately 110 Gm protein, 35 Gm fat, 175 Gm carbohy- 

drate, and 1450 Cal.) The lunch is planned as an ambulatory meal which 

may be carried to work or purchased at a lunch counter. In the hospital 

or home, a cooked lunch based on lean meat, fish or fowl and cooked 
vegetables may be substituted. 


BREAKFAST: 

Orange juice (% cup) 

Cereal, sugar 

Skim milk (1 cup) 

1 soft-boiled or poached egg 
1 slice toast, jelly 

Coffee or tea, sugar 


LUNCH: 


1 sandwich made with: 
2 slices bread 
1 pat butter 
Lean meat or fowl (3 oz) 


1 sliced tomato (or 1 bowl of tomato soup) 


Skim milk (1 cup) 
Angel food cake (small slice) 
Coffee or tea, sugar 
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DINNER: 

Cottage cheese (% cup) on lettuce, with carrot sticks 
Lean roast beef (6 oz) 

Chopped spinach (% cup) 

Mashed potatoes (% cup) 

1 pat butter (use on vegetables) 

Skim milk (1 cup) 

Fruit 

Coffee or tea, sugar 

BEDTIME SNACK: 

Skim milk flavored with pure cocoa and sugar (1 cup) 


Chronic Obstructive Jaundice 


Chronic obstruction of the biliary tract with consequent jaundice is 
commonly the result of undetected, impacted stones, posttraumatic 
stricture, malignancy or cysts in the head of the pancreas, or biliary 
cirrhosis. In this condition the nutritional status of the body is disturbed 
by chronic failure of bile flow; there is chronic malabsorption of fat 
soluble nutrients, and steatorrhea is common. Often a caloric deficit 
occurs, with consequent endogenous energy production through tissue 
breakdown, leading to protein depletion. The stigmata of deficiencies in 
vitamins A, D, and K develop gradually, anemia of multiple etiology is 
not uncommon, and liver damage due to biliary stasis is bound to occur. 


Dietary Regimen 


Before and after surgical intervention, or if conservative treatment 
is decided upon, the patient is placed on the diet described in the pre- 
vious section. Parenteral vitamin supplementation is of great importance 
in chronic biliary obstruction. If bone lesions exist because of vitamin D 
deficiency, generous quantities of skim milk or skim milk powder should 
be given, concurrent with parenteral vitamin D therapy. In severe cases 
4 to 10 grams of Calcium Gluconate, U.S.P., may be given daily. The 
anemia of long-standing obstructive jaundice may respond to parenteral 
vitamin B,» and folic acid therapy but may also require supplementation 
with parenteral iron. 


Acute and Chronic Cholecystitis 


Acute inflammation of the gallbladder, with varying involvement of 
the adjacent biliary passages, is commonly considered to be precipitated 
by obstruction of the ampulla or of the cystic duct. If symptoms do not 
subside quickly, the treatment, after brief observation, is usually surgical. 
If symptoms subside spontaneously, the patient may be maintained on 
conservative treatment, namely, a low fat, low calorie, high protein, high 
carbohydrate diet. 
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Chronic inflammation of the gallbladder is a common sequel to repeated 
attacks of acute cholecystitis. The disorder is often clinically indistinguish- 
able from cholelithiasis. Conservative therapy with a low fat, low calorie, 
high protein, high carbohydrate diet is indicated unless operative 
measures are decided upon. 


CHAPTER 29 


NUTRITION AND DIET IN 
CARDIOVASCULAR DISEASES 


Atherosclerosis 


Atherosclerosis is a chronic, usually progressive vascular disease charac- 
terized by thickening, induration, and loss of elasticity of arterial walls, 
followed by secondary degenerative changes. The changes brought 
about by the disorder may be generalized or may be more prominent in 
certain organs or locations—heart, kidney, brain, lungs, extremities— 
where they induce specific clinical syndromes. The cause of the disease 
is as yet unknown. It has been variously attributed to abnormal fat trans- 
port or metabolism, dietary habits, disorders of blood flow and blood 
clotting, hormonal disturbances, and mechanical factors. Heredity appears 
to be a factor in individual susceptibility. Long-standing hypertension and 
diabetes constitute predisposing factors. The disease is more common 
in males and among obese individuals. The onset usually takes place 
gradually during the early adult years; progressive clinical pathology 
and specific secondary illness are usually observed in the fifth and sixth 
decades of life. 


Primary Pathology 


Since disordered fat metabolism has recently been brought into the 
foreground as a possible causative factor, a brief description of the path- 
ologic changes is indicated. Atherosclerosis is basically a disease of the 
_ intima (the inner lining) of the artery. The intima thickens gradually and 
loses its elasticity. At the same time the medial layer of the vessel loses 
its normal structure and intima and media become infiltrated with 
lipids. Free cholesterol and cholesterol esters, triglycerides, ceroid (a 
lipid pigment), iron and calcium are gradually deposited in the involved 
areas, and fibrous elements invade the growing plaque. The vessel may 
show discrete rough, barklike plaques, or the lesion may be diffuse. Old 
lesions are prominent through deposition of calcium in the areas of fatty 
degeneration and infiltration. Plaques may form anywhere in a vessel 
but are usually more frequent near branches or orifices. The roughened 
areas constitute ideal locations for the attachment of blood platelets 
and subsequent formation of thrombi which, if large enough, may occlude 
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the lumen of the vessel. If this occurs in a coronary artery or cerebral 
vessel, it may lead to a near-fatal or fatal occlusion. 


Dietary Fat, Plasma Lipids, and Atherogenesis 


A body of suggestive evidence appears to indicate that the nature 
and extent of fat intake, as well as fat transport and metabolism, are 
involved in some fashion, yet unclarified, in atherogenesis. Patients with 
known advanced atherosclerosis or with established coronary heart 
disease very often exhibit elevated plasma cholesterol levels. It has been 
suggested that an altered pattern of blood phospholipids plays a role 
in atherogenesis. In hyperlipemia the §-lipoproteins carry most of the 
excess fat and cholesterol. It has been demonstrated that the 8-lipoprotein 
fraction is higher in older people than in young ones, in males than in 
females, and in a number of diseases associated with a higher incidence of 
atherosclerosis. It has also been shown that there is a good statistical 
correlation between levels of 8-lipoproteins and cholesterol and ather- 
osclerosis and its complications (coronary disease, etc.), but a direct 
causal relationship has not been demonstrated and there exists a number 
of specific departures from this general correlation. 

A relationship exists between the quantity of dietary fat and _ its 
qualitative make-up and the blood lipids (Chap. 9). The nature of the 
dietary fat, primarily the degree of unsaturation of its component fatty 
acids, has a significant effect on plasma cholesterol and £-lipoprotein 
levels. The isocaloric substitution of saturated fats in the diet with 
unsaturated fats results in a marked lowering of the previously elevated 
plasma cholesterol levels. Even more striking results are obtained if 
pure polyunsaturated fatty acid esters are administered. Conversely, 
plasma lipids often rise when a diet rich in saturated fats is given. 

The ingestion of cholesterol per se has but a minor influence on plasma 
cholesterol levels, and thus the cholesterol content of a diet (in contrast 
to the nature of the triglycerides which it contains) is probably not an 
important factor in its atherogenic potential. 

Epidemiologic studies of population groups on a worldwide basis 
suggest that the nature of the diet is correlated in a general way with 
plasma lipid levels and with incidence of atherosclerosis. There is also 
a correlation between incidence of atherosclerosis and dietary protein 
levels. 

The exact relationship between dietary fat, blood lipids, and athero- 
genesis is still unclear. A correlation between dietary fat and certain 
features of the blood lipid picture seems to be established. A relation- 
ship between high blood cholesterol and B-lipoprotein levels and athero- 
sclerosis is strongly suggested. To date there is not enough direct experi- 
mental evidence to establish that the three factors are sequentially 
involved, i.e., that the dietary fat pattern leads through elevation of 
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B-lipoprotein or cholesterol blood levels to the development of athero- 
sclerosis. Experimental evidence is still missing that in man different 
kinds of fat have a different effect on the development of atherosclerosis. 


Dietary Considerations 


The evidence linking the kind and amount of dietary fat to athero- 
genesis is as yet too circumstantial to justify the recommendation of 
definite, major changes in the dietary pattern of healthy individuals 
(particularly since recently it has been suggested that there is a rela- 
tionship between the incidence of atherosclerosis and the dietary pro- 
tein level). However, it has been adequately shown that obesity is 
associated with a greater incidence of coronary atherosclerosis, and 
avoidance of caloric excess should be recommended. In the control of 
obesity, some limitation of fat intake is usually indicated. There is no 
doubt that in the United States, Canada, and some European countries 
the fat intake is very liberal. In the United States, dietary fat, both 
visible and invisible, accounts for about 40 to 44 per cent of the total 
caloric intake. Some reduction in the use of fat need not interfere with 
the nutritional value or palatability of the diet. How far such a reduction 
should go is still a matter of opinion. A reduction in intake of the more 
saturated fats or a substitution by more unsaturated fats may ultimately 
prove desirable from the standpoint of prophylaxis, but currently avail- 
able evidence is as yet too inconclusive to indicate whether, or to what 
degree, a change should be made. 

In the case of patients with coronary artery disease or with other 
frank clinical manifestations of atherosclerosis, or when a patient ex- 
hibits abnormally high blood cholesterol or B-lipoprotein levels, the 
physician should consider nutritional instruction along the following 
lines: (1) The proper caloric intake to maintain the desired weight 
should be prescribed. This may have to be preceded by an initial 
balanced reduction diet. (2) In the maintenance diet, which may have 
a decreased fat content in accordance with the general caloric reduction, 
the proportion of the polyunsaturated fats should be increased at the 
expense of the saturated ones. This may be accomplished painlessly 
through decreased consumption of the visible fat on meats and the 
use of lean meats, fish, and fowl, a curtailment of butter and margarine, 
and the partial substitution of skim milk for whole milk. Unsaturated oils 
like corn oil, soy oil, sesame oil, and cottonseed oil can be used more 
liberally, especially in cooking and baking where they can replace the 
hard saturated shortenings. 

Such general dietary instruction in selected patients should be followed 
and evaluated carefully, using clinical and laboratory observations. It 
may not result in a visible slowdown or arrest of the atherosclerotic 
process, and in some cases it may even fail to lower elevated blood lipid 
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levels; however, it represents a positive approach of potential benefit, 
which is just about all that can be offered at this point. 


Coronary Heart Disease 


Coronary artery disease is the result of narrowing of the lumen or 
complete occlusion of coronary arteries, usually due to atherosclerotic 
changes. The condition is characterized by an inadequate coronary cir- 
culation. On occasions of increased cardiac effort, the deficient coronary 
blood supply may result in temporary myocardial ischemia accompanied 
by a characteristic thoracic pain, angina pectoris. 


Dietary Consideration 


The patient with coronary insufficiency will be asymptomatic as long 
as his coronary blood flow is not sufficiently embarrassed to cause 
myocardial anoxia. However, an anginal attack may be initiated by any 
condition which places too great a burden on his circulation, and thus 
his heart. This may be physical exercise, excitement, or the digestion of 
a heavy meal. The food intake is best divided equally throughout the 
day, and heavy meals must be avoided. Dinner is traditionally the meal 
which places the greatest digestive and circulatory burden on the con- 
sumer. A moderate amount of alcohol (such as is found in a glass of wine 
or 1 or 1% ounces of brandy) taken half an hour before dinner exerts a 
vasodilatory action on the remaining functional coronary vessels and may 
represent a wise prophylactic measure for the patient with chronic 
coronary insufficiency. 

If the patient is overweight, the caloric intake should be decreased and 
his weight reduced in order to decrease the work load of the heart, in 
addition to favoring the metabolic balance with respect to lipid metabo- 
lism. The prognosis of the cardiac patient is definitely better when he is 
slightly underweight. Not only is the heart spared the burden of an 
overweight body which must be supported when moving on a horizontal 
plane and lifted when moving vertically, a general decrease in super- 
fluous tissue mass favors a reduction in circulating blood volume and 
thus constitutes a reduced internal work load. In addition to weight reduc- 
tion, the physician may wish to consider the prophylactic dietary changes 
outlined in the previous section on atherosclerosis. 


Myocardial Infarction 


Myocardial infarction is a syndrome caused by permanent damage 
to a portion of the heart musculature due to sudden, overwhelming myo- 
cardial ischemia, secondary to insufficient blood supply. It usually results 
from the thrombotic occlusion of one of the larger branches of an 
atherosclerotic coronary artery and is accompanied by severe pain, 
shock, cardiac dysfunction, and often abrupt death. 
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The thrombus occurs most commonly in an atherosclerotic vessel with 
a narrowed lumen. The clot often starts on a roughened calcified plaque 
or ulcerated atheroma, and it may form gradually or rapidly. 

The contributory role which fats may play in the clotting process has 
recently been under increased experimental scrutiny. It has been shown 
that postprandial hyperlipemia may aid in clot formation, either through 
decreased flow rate of the blood or increased coagulability. After a meal 
rich in butter, lard, or hydrogenated vegetable fats, the clotting time is 
markedly shorter than the normal interprandial fasting value. Other 
experimental work points at a lag in blood clot dissolution in hyperlipemia. 
Thus the make-up of the diet may, perhaps, play a double role in 
coronary heart disease: it may influence the course of the underlying 
atherosclerotic process (see section above), and it may conceivably con- 
stitute a precipitating or aggravating factor in permanent thrombus 
formation through encouragement of rapid clotting and interference with 
fibrinolysis whenever blood lipids are elevated. 


Dietary Regimen 


The type of diet given the hospitalized patient after the myocardial 
infarction depends on the severity of the damage and the patient’s con- 
dition. During the first days, when symptoms are usually severe, fluids 
alone will suffice; a volume of 1,000 to 1,500 cc per day is indicated. 
When milk is tolerated without abdominal distention, the Karell diet may 
be employed; it consists of 200 cc of milk given four times per day. 
Following these first days, a semiliquid diet contributing about 800 
calories may be given. This is gradually changed to a soft diet of 1200 
calories as the patient improves. Feedings should be small and given at 
fairly frequent intervals. The sodium intake must be restricted to 250 
to 500 milligrams daily until the danger of congestive failure can be ruled 
out (see below for sodium restricted diets). 

After the acute phase has passed the patient may receive a bland diet 
with a caloric content adjusted to his needs. Care should be taken to 
avoid any foods which are likely to cause abdominal distention. The pat- 
tern of five to six small meals per day may now be changed gradually to 
three normal meals, provided there are no symptoms of anginal pain or 
dyspnea after a meal. With continued improvement, a regular, solid, 
sodium-restricted diet (containing 250 to 500 milligrams of sodium) may 
be given. 

Vitamin supplementation may be advisable until the patient’s food in- 
take becomes normal. Sodium restriction may be lifted if the signs and 
symptoms of congestive failure are absent. 

After the myocardial infarct is healed, the patient’s diet depends on the 
peculiarities of the individual case. If cardiac insufficiency keeps the 
patient on the brink of congestive failure, some measure of sodium re- 
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striction should be continued. The extent of sodium limitation will de- 
pend on the capacity of the damaged heart and must be adjusted on 
the basis of clinical experience and trial and error. . 

The dietary recommendations concerning weight reduction, avoid- 
ance of heavy meals, and prophylactic judgment in fat intake, as out- 
lined in the section on coronary insufficiency, apply even more strongly 
to the patient who has weathered a myocardial infarction. 


Congestive Heart Failure 


In congestive cardiac failure the heart fails in forcing the normal quan- 
tity of blood through the circulatory system. As a result of decreased ar- 
terial output, venous return is retarded and stasis results; consequently 
fluid diffuses from the vascular tree through the capillary walls into the 
tissue spaces, and the extracellular fluid compartment becomes engorged. 

Progressive heart failure may result from a number of etiologic fac- 
tors such as hypertension, atherosclerotic coronary disease, cardiac ar- 
rhythmias, rheumatic valvular disease, syphilitic aortic valvular damage, 
hyperthyroidism, and others. If it persists, cardiac decompensation from 
any cause will eventually result in a congestive state; the vascular en- 
gorgement may start in the pulmonary circulation (left heart failure) or 
in the systemic circulation (right heart failure). Of primary importance 
in the chain of events leading to the congestive state is decrease in renal 
blood flow secondary to a reduced cardiac output; the decrease in renal 
circulation leads to decreased glomerular filtration and excretion of so- 
dium, with consequent retention of sodium and water in the body. 
(Probably an increase in secretion of aldosterone also aids sodium re- 
tention.) The excess of sodium and water is stored in the intracellular 
tissue spaces as edema fluid. 


Sodium Economy and Hydration 


The basic aim in the management of a failing heart is to reduce its work 
load, decrease the semistagnant circulatory blood volume, and to reduce 
the patient’s edema. Stringent exclusion of additional dietary sodium 
will permit a gradual excretion of the excess body sodium via the kidney. 
As sodium is excreted, extracellular water follows and diuresis sets in 
until the edema has receded. At any time when the sodium intake ex- 
ceeds the impaired excretory capacity of the kidney (which in turn de- 
pends on the capacity of the ailing heart to maintain proper renal blood 
flow ), sodium will again be retained by the individual; in accordance with 
the osmotic forces at play, water will also be retained in proportion to 
the sodium build-up and the patient will again become edematous. Re- 
duction of the sodium intake to below the impaired excretory capacity of 
the kidney will reverse the process. The extent of edema depends pri- 
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marily on the amount of excessive sodium in the body, not on the fluid 
intake of the individual. If the patient is on a limited sodium intake which 
is within his renal excretory capacity, he may be permitted fluids freely 
since water is readily excreted from the blood or extracellular fluid com- 


partment of the body in the absence of osmotic forces set up by retained 
sodium. 


Dietary Regimen 


The use of a diet low in sodium (see below) is a definite aid in mobiliz- 
ing excess extracellular fluid from the edematous patient with conges- 
tive failure; it also serves as prophylaxis against future resumption of 
fluid collection. Normally, the average individual ingests from 7 to 15 
grams of salt (2.8 to 6 grams of sodium) per day. In congestive failure, 
the sodium intake should be limited to 250 to 800 milligrams daily initially 
until clinical experience permits establishment of the excretory capacity 
of the individual under balanced conditions. A stringent sodium depriva- 
tion is best managed when the individual is institutionalized and his 
dietary intake is under strict supervision. However, an intelligent and 
cooperative patient who has been well instructed can maintain a strict 
low sodium regimen in the home. 

Body weight is the best index of fluid retention, and the decompen- 
sated patient should be weighed daily to establish the progress of his 
fluid loss or to recognize a trend toward fluid retention. If the patient's 
sodium intake is well controlled, water may be given freely; in some 
cases forcing fluids while the sodium intake is negligible may actually aid 
in mobilization and excretion of sodium through the process of dilution. 

Once medical treatment, bed rest, diuretics, and sodium deprivation 
have stabilized the patient, he may, in a few selected cases, be per- 
mitted to return to a normal diet. Usually, however, considering the im- 
paired functional capacity of his heart, some measure of sodium limita- 
tion will be retained. The patient’s permanent maintenance diet may 
thus be a strict 250- to 500-milligram sodium regimen, a more moderate 
1,000-milligram diet, or a mildly restricted meal plan which permits 
2,400 to 4,500 milligrams of sodium (see below). 

As in most other cardiac conditions, the patient fares best if he is on 
the lean side of normal, and his caloric intake should be adjusted to per- 
mit a weight reduction, if this is indicated, and maintenance at the de- 
sired body weight. In many cases five or six small meals are better 
tolerated than three larger ones. Foods which tend to produce flatulence, 
fried or greasy foods which are not easily digested, and large meals 
should be discouraged; the patient's semi-incapacitated heart should not 
be needlessly burdened by mechanical displacement and _ spatial en- 
croachment by distended infradiaphragmatic viscera. 
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Hypertension 


Hypertension per se is not a disease, it is a symptom which may be the 
manifestation of different underlying disease processes. It may appear In 
the course of glomerulonephritis, polycystic renal disease, pyelonephritis, 
tumors of the brain or the adrenal glands (pheochromocytoma ), hyper- 
thyroidism, and other disorders. If hyptertension is secondary toa known 
primary disease, its treatment is essentially that of the basic disorder. 


Essential Hypertension 


Another type of elevated blood pressure is essential hypertension, a 
disorder characterized by an abnormal increase in systolic, diastolic, and 
mean arterial pressure due to increased resistance to blood circulation 
exhibited by the arterioles. The exact cause is unknown and has been 
variously ascribed to renal humoral factors, autonomic nervous system or 
adrenocortical dysfunction, and disturbed sodium chloride metabolism. 

The disorder affects about 5 per cent of the adult population of the 
United States; it is somewhat more common in women and among indi- 
viduals with a short, stocky, and obese body type. Hereditary predisposi- 
tion appears to play a role in this disease. Essential hypertension induces 
permanent damage to arterioles, primarily in the kidneys and other 
organs, and accelerates the generalized or localized degenerative proc- 
esses of atherosclerosis. The disease may have a prolonged, relatively 
benign duration, or it may run a relatively brief, malignant clinical course. 
The ultimate outcome is usually cardiac failure, a cerebrovascular acci- 
dent, or renal insufficiency with uremia. 


Dietary Considerations 


Obesity is very common among those suffering from essential hyper- 
tension. Considering that the heart labors under a compounded load, 
that of hypertension and that of obesity, the best interests of the patient 
are served by the adjustment of the caloric intake to bring about a 
normal weight. In most cases weight reduction influences the blood 
pressure but mildly; however, in a minority of patients the drop in 
blood pressure is surprisingly marked. Even among those whose blood 
pressure is unaffected there is usually an improvement of subjective symp- 
toms (difficulty in breathing, fatigue) proportionate to the loss of excess 
weight—which justifies the dietary weight reduction program. 

Clinical evidence does not warrant the rigid restriction of dietary 
proteins which has been advocated in the past; the ingestion of moderate 
amounts of protein does not elevate the blood pressure or aggravate 
existing hypertension. (See Chap. 30 for protein restriction when the 
kidney’s ability to excrete nitrogen has become impaired.) Similarly, there 
appears no adequate reason for forcing fluids in general or for restricting 
them. As to specific beverages, coffee or tea in moderation is not detri- 


NUTRITION AND DIET IN CARDIOVASCULAR DISEASES 287 


mental and may be permitted for those patients who do not suffer unduly 
from nervousness or insomnia. The use of small amounts of alcohol by 
those who do not find it objectionable may be advantageous because of its 
vasodilating effect. 

Sodium restriction has been quite widely recommended. Most advo- 
cates of sodium deprivation emphasize that halfway measures will not 
work; they maintain—and clinical experience appears to bear this out— 
that a regimen which permits more than 250 milligrams of sodium per 
day will not be efficacious, while a limitation to 200 to 250 milligrams 
will frequently accomplish a lowering of blood pressure for the duration 
of the strict diet. Many clinicians feel that even a stringent control of 
sodium intake is not too effective in reducing blood pressure in many 
patients who suffer from severe essential hypertension, and they prefer 
medical antihypertensive therapy to a sodium-restricted diet. 

A special form of diet, the rice or rice-fruit diet, has its adherents. The 
rice diet is made up solely of rice, fruit, and fruit juice; it contributes 
daily about 200 milligrams of sodium, 20 grams of vegetable protein, 5 
grams of fat, and 460 grams of carbohydrate. The patient is permitted 
1 to 1% cups of (dry, uncooked) rice, which may be boiled with water 
or fruit juice. In addition, 2 to 2% cups of fruit (except for bananas, 
avocados, dates, and nuts) may be taken, and 4 to 5 glasses of fruit 
juice. The diet also includes % cup of brown or white sugar. Salt, water 
(except that used for preparation of the meal), and any other foods are 
prohibited. 

The drop in blood pressure which is observed during such a regimen 
is generally ascribed to the rigid sodium restriction which it entails. If 
the diet is to be used, it should be given a 2- to 5-month clinical trial to 
permit clinical changes to become apparent. The rigid restrictions of 
this regimen represent an ordeal which few patients will undergo for 
prolonged periods. 

When congestive heart failure appears as a secondary complication of 
hypertension, the dietary treatment is that outlined in the previous 
section of congestive failure. (Attention should, however, be paid to a 
possible concomitant lowered renal reserve since severe sodium restriction 
may be dangerous in the case of renal insufficiency where the kidneys 
cannot conserve sodium. ) The dietary regimen in the case of hypertensive 
arteriolar nephrosclerosis is outlined in Chap. 30. 


Sodium-restricted Diets 


Sodium-restricted diets are described at this point, though their use 
is by no means limited to the management of cardiovascular disorders. 
These diets also serve in the management of nephritis with edema, cirrho- 
sis of the liver with ascites and edema, the toxemias of pregnancy, and 
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when treatment with adrenocorticotropic hormone, cortisone, or similar 
steroid hormones make limitation of sodium intake desirable. 

In the preparation of sodium-restricted diets salt and other sodium 
compounds are avoided and foods are chosen for their low natural 
sodium content. Water treated in most water softening equipment can- 
not be used for drinking or preparation of meals since many water 
softeners contribute additional sodium to the water exchange for the 
removal of calcium and magnesium ions. In certain communities the 
water supply may contain more sodium than is compatible with a 250- 
milligram sodium diet. The patient must avoid not only certain foods, 
but also sodium-containing drugs and sodium compounds used in food 
manufacture. Chief among these are “antiacid” or “alkalizing” proprietary 
preparations, saline cathartics, sodium-containing sulfonamides, salicy]- 
ates, barbiturates, and bromides, as well as baking powder, sodium bi- 
carbonate, sodium benzoate and propionate, sodium alginate (found in 
chocolate milk drinks and ice cream), sodium cyclamate (an artificial 
sweetener ), and monosodium glutamate. 

It is important for the patient to read the label and ingredient list 
on commercially prepared foods to acquaint himself with their compo- 
sition. Special low sodium dietetic foods intended for use in low sodium 
diets must declare the amount of sodium contained in 100 grams or in 
an average serving of the food; scrutiny of the label will easily establish 
whether a particular dietetic food fits the needs of the sodium-restricted 
diet. 

In general, animal foods rich in high quality proteins also contain 
more sodium than most other foods, and a definite relationship exists 
between the protein content of a diet and the degree of sodium limi- 
tation which it permits. Thus ordinary milk, meat, poultry, fish and sea 
foods, and eggs are used in measured amounts. Most cheeses contain ex- 
cessive amounts of salt, as do most other milk products. On the other 
hand, most fresh vegetables and fruits and unprocessed cereals contain 
only insignificant amounts of sodium and may be used freely. The follow- 
ing are exceptional vegetables, characterized by a high sodium content, 
which should be avoided: beets, beet greens, carrots, celery, kale, dande- 
lion, mustard greens, spinach, sauerkraut. 

Generally speaking, all processed meats, meat products, fish, and canned 
vegetables (and many frozen foods) contain more salt than is compati- 
ble with low sodium diets. Canned, dried, or frozen fruit and fruit juices 
may be used freely unless the label specifies that salt or sodium compounds 
have been added. 

The sodium content of fresh meats and fish can be reduced by boiling 
in water and discarding the liquid. Low sodium milk is now commercially 
available in most localities in the United States. Low sodium cottage 
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cheese may be found in the larger cities or may be made at home from 
low sodium milk. Salt-free bread, salt-free butter and margarine, and 
low sodium plain Passover biscuits (matzos) are usually available in 
larger cities. 

A low sodium diet is admittedly insipid tasting and leaves much to be 
desired from a gourmet’s viewpoint. There are a number of sodium-free 
salt substitutes available in drug and food stores (Neocurtasal, Diasal, 
and others), which may be sprinkled over the cooked food. Sodium-free 
calcium glutamate and ammonium glutamate are also used to add zest 
to the diet. The above, and spices, herbs, and lemon juice, may be used 
freely to lift the sodium-restricted diet out of what may otherwise be 
gustatory doldrums. 


The 500-milligram Sodium Diet 


Permissible foods 


Coffee, whole or skim milk (2 cups daily), 
tea, cocoa (made from the milk allow- 
ance) 

Low sodium bread, rolls and breads made 
with sodium-free baking powder or po- 
tassium bicarbonate, yeast rolls and 
breads made without salt 

Cooked farina, grits, oatmeal, rolled wheat 
or wheat meal; puffed rice or wheat and 
other cereals whose label does not indi- 
cate the presence of salt or sodium com- 
pounds 

Unsalted butter or margarine, vegetable 
oils and shortening, dietetic salad dress- 
ings or mayonnaise 


Fresh meat, fish, fowl (4 0z daily) prepared 
without salt, fresh oysters (if thoroughly 
washed), dietetic canned fish and meat, 
1 egg per day, low sodium cottage 
cheese, and dietetic cheeses. (Note: Or- 
thodox Jews must not salt cuts of fresh 
meat in preparation for cooking.) 

Unsalted potatoes, rice, homemade (salt- 
free) or dietetic spaghetti, macaroni, 
and noodles 

Fresh or unsalted, frozen (read the label 
carefully), or dietetic canned vegetables 


Foods excluded 


“Dutch process” cocoa, carbonated bever- 
ages, any other drinks 


Commercial breads and baked goods, bis- 
cuit, pancake or waffle mixes, self-rising 
flours, crackers, pretzels, any baked 
goods made with regular baking powder 

All other cereals except as noted on the 
left 


Salted butter or margarine, bacon fat, 
regular commercial salad dressings or 
mayonnaise, cream, except as part of the 
permitted milk quota 

Salted, smoked, canned, or frozen (unless 
unsalted) meats, fish, or fowl, organ 
meats (except liver and heart once a 
week), sausage, luncheon meats, shellfish 
(except fresh oysters), all other cheeses 


Regular commercial spaghetti, macaroni, 
or noodles, hominy, potato chips 


All regular canned or frozen vegetables; 
the following vegetables in any form: 
beets, beet greens, carrots, celery, dan- 
delion, kale, mustard greens, spinach, 
sauerkraut, Swiss chard. Susceptible 
cardiac patients should avoid the follow- 
ing gas-producing vegetables: dried 
beans and _ peas, broccoli, Brussels 

sprouts, cabbage, cauliflower, cucumber, 
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Fresh, frozen, canned, and dried fruits ex- 
cept as noted on the right 


Unsalted vegetable soups or dietetic 
ganned soups 

Gelatin desserts made with plain pure gel- 
atin, unsalted fruit desserts, homemade 
puddings, custards, and ice cream using 
the egg or milk allowance (do not use 
sodium-containing prepared mixes), 
cakes and cookies made without salt and 
baking powder 

Sugar, pure sugar candy, honey, jams and 
jellies (if free of sodium benzoate), choc- 
olate (except if ““Dutch process” cocoa 
or salt are listed on the label) 

Herbs, spices, and vinegar (as tolerated), 
unsalted nuts, dietetic peanut butter, 
and unsalted popcorn 


onions, garlic, green pepper, radishes, 
rutabaga, turnip 

Any processed fruit which lists salt or 
sodium compounds on the label; mara- 
schino cherries; cardiac patients suscep- 
tible to distention should avoid raw 
apples, cantaloupes, watermelons, other 
melon varieties, and berries 

All other soups 


All other desserts , 


Molasses, sirups, brown sugar, “Dutch 
process” cocoa and candy or foods made 
from it, commercial candy 


Salt, catsup, chili sauce, pickles, olives, 
relishes, meat flavorings such as Worces- 
tershire sauce and others, soy sauce, 
tabasco sauce, bouillon cubes, vegetable 
salts, mustard, horseradish, salted nuts, 
potato or corn chips, popcorn, peanut 
butter, instant cocoa mixes, prepared 
beverage mixes, baking powder, rennet 
tablets, chemically softened water, so- 
dium cyclamate (sugar substitute), 
monosodium glutamate, and other so- 
dium compounds used in food prepara- 
tion 


Sample Menu:! 500-milligram Sodium Diet 


(Contains approximately 60 Gm protein, 35 Gm fat 175 Gm carbohydrate, 
and 1255 Calories ) 


BREAKFAST: 

Orange juice (% cup) 
Puffed rice, sugar (1% cup) 
Skim milk (1 cup) 

1 soft-boiled egg 


’ The American Heart Association (44 East 23rd Street, New York 10) has pub- 
lished a series of descriptive booklets on sodium-restricted diets. These very well 
organized brochures permit the average layman to plan low sodium menus with ease 


on the basis of exchange lists. Booklets may be obtained from local chapters through 
a physician’s prescription. 
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1 slice unsalted bread or toast, jelly 
Coffee or tea, sugar 


LUNCH: 


Open sandwich made with: 
1 slice unsalted bread 
2 oz dietetic pack tuna 
2 lettuce leaves 

Dietetic salad dressing 

1 sliced tomato 

% canned peach 

Coffee or tea, sugar 


DINNER: 

Broiled steak (3 oz) 
Mushrooms 

Mashed potatoes (% cup) 
Summer squash (% cup) 
1 pat unsalted butter 

1 unsalted roll, jelly 
Fruit cocktail (% cup) 
Coffee or tea, sugar 


MIDNIGHT SNACK: 


Chocolate (1 cup) made with pure cocoa, sugar, and skim milk 
3 apricots or unsalted cookies 


The 250-milligram Sodium Diet 


The 250-milligram sodium diet is identical with the 500-milligram 
sodium diet described above except for a substitution of dialyzed low 
sodium whole or nonfat milk for the regular whole or skim milk. No other 
quantitative or qualitative adjustments need to be made, except that 
the attending physician or dietitian should be consulted concerning the 
sodium content of the local water supply. 


The 1,000-milligram Sodium Diet 


The 1,000-milligram sodium diet is identical with the 500-milligram 
sodium diet except that the patient is permitted the use of 4 teaspoon 
of salt, either at the table or in cooking. This % teaspoon of salt contains 
about 570 milligrams of sodium; instead of using this allowance in cook- 
ing or for flavoring at the table, the patient may eat regular yeast bread 
(200 milligrams of sodium per slice) and salted butter or margarine (50 
milligrams of sodium per teaspoon). The allowance of 4 teaspoon of 
salt may thus be used up in the form of bread and butter or ( provided 
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the calories are permissible) in the form of salted butter or margarine 
melted over the vegetables or meat to give them a gustatory lift. 


The Mild Sodium-restricted Diet 


This diet supplies from 2,400 to 4,500 milligrams of sodium. Such a mild 
limitation of sodium is primarily designed for patients who have re- 
covered from an episode of congestive heart failure, in cases where the 
physician prefers to maintain some control of sodium intake. The basic 
qualitative and quantitative guiding principles of the 500-milligram so- 
dium diet apply here with the following exceptions: 


All fresh and canned vegetables are permitted except sauerkraut and, in 
the case of the susceptible cardiac patient, the gas-producing vege- 
tables listed previously. 

Regular commercial baked goods are permitted, except those with salt 
toppings like pretzels, salt rolls, ete. 

Organ meats, shellfish, plain canned or frozen meats and fish are per- 
mitted. 

Regular butter, margarine, salad dressing, and mayonnaise may be used. 

Commercial pudding mixes and nonsalty candy may be used. 


The patient is not permitted to use salt at the table; however, he may 
use it lightly in cooking. 


Precautions with Sodium Restriction. 


Prolonged, severe sodium restriction may not always be without hazard, 
since deficiency of sodium or chloride may occur in cases where impaired 
renal resorptive capacity prevents the conservation of salt. It is thus 
important to test renal function before embarking on permanent or pro- 
longed sodium restriction. 

Even with normal kidney function, sodium and chloride depletion are 
a possibility in severely sodium-restricted patients in congestive cardiac 
failure if diuretic drugs are extensively used and bring about a massive 
diuresis; also, the sodium-restricted cirrhotic patient who has undergone 
repeated paracenteses or massive drug-induced diuresis may become 
depleted with respect to sodium and chloride. 

The “low salt syndrome” is characterized by progressive weakness and 
lethargy, loss of appetite, nausea and vomiting, mental confusion, ab- 
dominal and general muscular cramps and pain, possible convulsions, 
and an eventual uremic demise. Salt-deprived patients who are sus- 
pected of pathological salt depletion should immediately receive hyper- 
tonic saline infusions (1.5 to 2 liters of 3 per cent saline intravenously, 
very slowly) in an effort to restore their sodium and chloride balance. 
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The attending physician should be on the lookout for suspicious symp- 
toms, especially in elderly patients who have been on severely sodium- 
restricted diets for long periods. Special attention should be paid to 
such patients in hot climates and in the summer when large quantities 
of salt may be lost through profuse perspiration. 


CHAPTER 30 


NUTRITION AND DIET IN 
DISEASES OF THE KIDNEY 
AND URINARY TRACT 


The majority of nonsurgical conditions in the realm of renal disease is 
not amenable to permanent cure. Thus medical therapy aims at pro- 
longed control of the disorder and amelioration of the systemic abnor- 
malities which result from disturbed kidney function. A well-planned die- 
tary regimen is part of a long-range control program in renal disease. The 
diet in renal disease is not static; as the disorder progresses to a new 
stage, dietary adjustments may be called for. The continued well-being 
of the patient depends to a large extent on his adherence to dietary regu- 
lation and on the physician’s alertness in adjusting the dietary regimen to 
the kidney’s impaired functional ability. 


General Principles of Dietary Control in Renal Disease 


The kidney’s chief functions are excretory and regulatory. The kidney 
excretes the end products of protein metabolism—urea, uric acid, sulfate, 
creatinine; it adjusts the electrolyte balance of the body by excretion 
and selective reabsorption of sodium, chloride, potassium, and other ions. 
It maintains the body’s water balance and helps to maintain acid-base 
equilibrium through selective excretion of excess acid. 

The three basic objectives in the dietary treatment of renal disease 
are (1) to lighten the work of the diseased organ by reducing the amount 
of urea, uric acid, creatinine, and salt which has to be excreted, (2) to 
replace substances which are lost to the body in abnormal amounts be- 
cause of the impaired renal function, and (3) to exclude substances 
which would make for retention of nitrogen wastes and sodium in the 
body due to the kidney’s impaired excretory ability. 


Protein Restriction 


Urea is the major breakdown product of dietary and tissue protein, 
and ordinarily the bulk of the kidney’s work is devoted to its excretion. 
The normal concentration of waste products of protein metabolism in the 
blood is 25 to 38 milligrams nonprotein nitrogen per 100 cc. The healthy 
kidney constantly endeavors to excrete this nonprotein nitrogen as it is 
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formed and manages to keep its concentration in the blood within physio- 
logic limits; any excessive build-up of nitrogen wastes in the blood and 
tissues is incompatible with life. 

A high level of dietary protein makes for an increase in urea produc- 
tion and excretion and thus places a functional burden on the kidney. 
The normal kidney has a large functional reserve and can handle practi- 
cally any excretory load placed on it by ingestion of protein foods. This 
is not the case in renal disease, and inflicting a large work load on the 
diseased organ may well result in additional injury. For this reason, and 
since an accumulation of metabolic protein waste products in the body 
is progressively toxic and eventually fatal, the dietary intake of protein 
is restricted in patients with renal disease where there is renal insufficiency 
and nitrogen retention. At the same time, carbohydrates and fat are given 
liberally to satisfy all caloric requirements and to prevent as much as 
possible the breakdown of tissue proteins for energy production which 
would necessitate the excretion of urea resulting from such endogenous 
protein catabolism. 

Clinical experience has shown that patients may be maintained in ni- 
trogen equilibrium on as little as 37 to 40 grams of protein per day pro- 
vided the caloric requirement is liberally met. Such a diet requires the 
excretion of only about 5 to 5.4 grams of nitrogen in the urine compared 
with 8 to 9.5 grams of nitrogen excreted on a 50- to 60-gram protein 
intake. (About 1 to 2 grams of nitrogen is lost in the stool.) When the 
blood urea level is very high, the total protein intake may be reduced to 
25 or 30 grams, but only for a short while, since on such a regimen 
endogenous protein breakdown occurs. When the blood urea level is 
normal, 50 to 60 grams of protein may be given and this allowance may 
eventually be cautiously increased provided there is no resultant in- 
crease in blood urea levels. 

Whenever the protein intake is as small as the rigid restriction in renal 
insufficiency demands, practically all the dietary protein should be of 
the highest biologic value. The protein should thus be given in the form 
of milk, eggs, meat, and fish. 


High Protein Intake 


In the nephrotic state (see below) the kidney usually functions ade- 
quately in the excretion of urea. However, there is a constant loss of serum 
into the urine which (together, perhaps, with a possible faulty absorption 
and utilization of dietary protein due to intestinal and hepatic edema ) 
results in hypoproteinemia and consequent edema due to loss of colloidal 
osmotic pressure in the blood. The prevailing clinical opinion holds that 
provided the kidney can excrete nitrogenous waste products satisfactorily, 
a diet high in protein should be given to patients in the nephrotic state 
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in order to compensate for the constant urinary protein loss and to 
correct the low plasma protein levels. 

Based on clinical experience, the recommendation is to allow 1 gram 
of protein per kilogram body weight per day, and an additional quantity 
of protein equivalent to the amount lost in the urine. Diets containing 
100 to 130 grams of protein are usually prescribed for patients in the 
nephrotic state with depressed blood protein levels. 


Sodium Restriction 


The kidney of the nephrotic patient is often incapable of excreting 
sodium in a normal fashion, and sodium is retained with a consequent 
water retention and generalized edema in the manner described in the 
discussion of congestive cardiac failure. Therefore sodium restriction is 
also practiced in the nephrotic state. 

High protein diets usually contain more sodium than ordinary ones 
(Chap. 29). Consequently, the final dietary prescription for the nephrotic 
patient is a compromise between the desire for a high protein intake 
needed for replacement of urinary protein losses and for increase of 
the depressed plasma protein levels (which is needed to combat the 
attendant edema) and the need to restrict the sodium intake in an 
effort to correct any edema resulting from sodium retention. Ordinarily, 
the sodium intake is restricted to 500 milligrams daily, which is compatible 
with a 100-gram protein diet. Sometimes diuresis is obtained in the 
edematous patient only when the sodium intake is reduced to 250 milli- 
grams; such a sodium restriction is only possible within the framework 
of a diet supplying no more than about 70 grams of high quality protein. 


Vitamin Supplementation 


Supplementation with pharmaceutical preparations may become ad- 
visable in conjunction with prolonged, severe protein restriction since 
a diet supplying 40 grams of protein may not contribute a full daily 
complement of all vitamins. Supplementation with the B complex vita- 
mins is particularly advisable. , 


Acute Diffuse Glomerulonephritis 


Acute glomerulonephritis is a disorder of the kidney characterized by 
diffuse inflammatory changes in glomeruli and an acute onset with al- 
buminuria, hematuria, edema, hypertension, and, as a rule, nitrogen 
retention. The clinical course of the disease varies. Acute glomerulone- 
phritis may heal completely, or it may grade into a terminal outcome; 
in many instances the disease enters a latent stage, or it may turn 
gradually into active chronic glomerulonephritis. 
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Dietary Regimen 


The fluid intake must be manipulated according to the volume of urine. 
In severe oliguria the fluid intake must be restricted in order not to 
enhance the edema. It is customary to allow 500 to 1,000 cc more fluid 
per day than the total urinary output of the previous day. 

Because of the acute illness with attendant anorexia and nausea, the 
diet is best limited to fruit juices during the first few days after onset. 
About 2 to 3 ounces may be given each hour, the total not to exceed the 
fluid allowance mentioned above. To the fruit juices 250 grams of sugar, 
or more, is added in order to contribute to the caloric requirement of 
the patient and to spare his tissue proteins. Once the nausea has sub- 
sided, a low protein, low salt, medium fat, high carbohydrate diet is 
given which contributes no more than 40 grams of protein and 500 milli- 
grams of sodium per day. This diet is gradually liberalized with respect 
to protein during the following 10 to 15 days. If there is nitrogen retention 
on a liberalized protein intake (i.e., if the blood nonprotein nitrogen level 
rises above 40 milligrams per 100 cc), protein limitation is reimposed un- 
til the kidney’s urea-excreting function has improved to permit a normal 
protein intake. 

Sodium restriction is maintained until the edema has subsided. Daily 
weighing of the patient will indicate the extent to which the sodium 
intake of the patient may be liberalized; any rapid increase in weight will 
indicate water retention and the need for further sodium limitation. 


Chronic Diffuse Glomerulonephritis 


Chronic diffuse glomerulonephritis is a chronic inflammatory process 
in the kidney characterized by gradual fibrosis of glomeruli and degenera- 
tion of tubules accompanied by progressive renal insufficiency. The clini- 
cal course of the disease may show a prolonged latent stage, followed by 
a nephrotic stage (see below), before renal insufficiency with nitrogen 
retention becomes severe and uremia sets in. 


Dietary Regimen 


During the latent stage there is no need for special dietary regulation 
unless signs of edema and urinary protein loss appear. 

The dietary regimen during the nephrotic stage is discussed below in 
the section on the nephrotic syndrome. 

In the next stage of early renal failure with nitrogen retention, the 
high protein intake maintained during the preceding nephrotic stage 
must be reduced sharply lest the patient be forced into early uremia. 
A kidney which is able to excrete 8 grams of nitrogen daily may fail badly 
when required to excrete 16 to 20 grams. As the blood urea level begins 
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to rise, dietary protein is restricted to 45 to 65 grams of protein per day 
Carbohydrates are given liberally to meet caloric requirements. The daily 
protein allowance is decreased further to 35 to 40 grams in accordance 
with the blood nitrogen picture. . 

At this stage, the sodium restriction which was practiced during the 
nephrotic state is lifted since the failing kidney is incapable of con- 
serving sodium and chloride and a gradual depletion takes place with- 
out the help of dietary regulation. The fluid intake should be compara- 
tively high, between 2,500 and 3,500 cc daily, to aid in renal clearance 
of nitrogenous waste products. The extra fluid will not be retained in 
the blood and tissues as long as the failing kidney leaks salt from the 
body and as long as cardiac function is not impaired. If dependent edema 
indicates the onset of cardiac failure, the latter condition should be 
treated with appropriate measures. The fluid intake should not be re- 
duced except in extremis since it is important to maintain whatever kidney 
action is left. 


The Nephrotic Syndrome 


The term nephrotic syndrome, or nephrotic state, applies to those cases 
of renal disease (or stages thereof) which, regardless of underlying 
etiology, exhibit albuminuria, hypoalbuminemia, and massive edema. 
There is no concomitant hypertension or nitrogen retention. This syndrome 
may be seen during the nephrotic stage of chronic glomerulonephritis, 
in syphilitic nephritis, lipoid nephrosis, renal amyloidosis, and other dis- 
orders. 

In this condition large amounts of protein (10 to 30 grams) may be 
lost daily in the urine. The kidney is able to retain plasma globulins to 
some extent, but plasma albumins leak out passively. The total blood 
proteins may be reduced from 7 to 4.5 grams per 100 cc or less because 
of the massive albumin loss. When the blood albumin concentration falls 
below 2 grams per 100 cc, the colloidal pressure of the blood decreases 
to a point where clinical edema usually appears. 

In the nephrotic syndrome the kidney is also often unable to excrete 
salt normally and salt retention, and consequent edema, compounds the 
effects of the prevailing hypoalbuminemia. 


Dietary Regimen 


A high protein intake and sodium limitation are the primary therapeutic 
measures. The diet should contain 100 grams of protein or more in order 
to compensate for the urinary loss and to encourage synthesis of new 
plasma albumin. Depending on the patient’s weight and protein loss, 
the daily intake may vary from 95 to 130 grams. Simultaneously, the 
sodium intake is restricted to 500 milligrams, or less, to counteract sodium 
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retention. With salt rigidly restricted, the fluid intake is not critical and 
the patient may be allowed fluids ad libitum. 


Nephrosclerosis (Arteriolar Nephrosclerosis) 


Nephrosclerosis is a vascular renal lesion which appears in conjunction 
with generalized essential hypertension and is characterized by sclerosis 
of the afferent arterioles, followed by eventual degenerative destruction of 
functional nephrons. The disorder may run a prolonged, benign course or 
an acute, malignant one. 

The dietary regimen in benign arteriolar nephrosclerosis is that of 
essential hypertension (Chap. 29); the dietary program in the acute, 
malignant disorder is that of chronic glomerulonephritis. 


Sample Menus in Renal Disease: Sodium-restricted Low Protein Diet 


(Contains approximately 500 mg sodium, 40 Gm protein, 100 Gm fat, 250 
Gm carbohydrate, and 2060 Cal. No salt is permitted in preparation of 
meals or at the table. ) 


BREAKFAST: 
1 sliced orange, sugar 
Cooked, salt-free cereal (% cup), sugar 
1 slice salt-free bread 
1 pat salt-free butter 
Jelly 
Coffee, cream, sugar 
LUNCH: 
Sandwich made with: 
1 hard-boiled egg 
2 slices salt-free bread 
Dietetic mayonnaise (% tbsp) 
1 sliced large tomato on lettuce 
Milk (1 cup) 
1 medium banana 
DINNER: 
Salt-free cream of tomato soup (1 cup) 
Baked potato 
2 pats salt-free butter 
Buttered salt-free string beans (% cup) 
Tea 


BEDTIME SNACK: 
Milk (% cup) 


% grapefruit, sugar 
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Sodium-restricted Moderate Protein Diet 


(Contains approximately 500 mg sodium, 70 Gm protein, 110 Gm fat, 
920 Gm carbohydrate, and 2150 Cal. No salt is permitted in preparation 
of meals or at the table. ) 


BREAKFAST: 

1 sliced orange, sugar 

Cooked, salt-free cereal (% cup), sugar 
1 soft-boiled egg 

1 slice salt-free bread 

1 pat salt-free butter 

Jelly 


Coffee, cream, sugar 

LUNCH: 

Sandwich made with: 
Lean, unsalted ground beef (2 0z) 
2 slices salt-free bread 
Dietetic mayonnaise (% tbsp) 

1 sliced large tomato on lettuce 

Milk (1 cup) 


1 medium banana 


DINNER: 

Sliced unsalted chicken (2 oz) 

Baked potato 

2 pats salt-free butter 

Buttered, salt-free string beans (% cup) 
Lettuce-and-pear salad 

8 sodium-free cookies 

Tea 


BEDTIME SNACK: 


Milk (1 cup) 
4 grapefruit, sugar 


Sodium-restricted Moderately-high Protein Diet 


(Contains approximately 800 mg sodium, 100 Gm protein, 115 Gm fat, 
210 Gm carbohydrate, and 2275 Cal. No salt is permitted in preparation 
of meals or at the table. ) 


BREAKFAST: 

1 sliced orange, sugar 

Cooked, salt-free cereal (% cup), sugar 
2 soft-boiled eggs 

1 slice salt-free bread 
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1 pat salt-free butter 
Jelly 


Coffee, cream, sugar 


LUNCH: 


Sandwich made with: 
Lean, unsalted ground beef (2 oz) 
2 slices salt-free bread 
Dietetic mayonnaise (1 tbsp) 

1 sliced large tomato on lettuce 

Milk (1 cup) 

1 medium banana 


DINNER: 

Sliced chicken (4 oz) 

1 medium baked potato 

2 pats salt-free butter 

Buttered, salt-free string beans (4 cup) 
Lettuce-and-pear salad 

Milk (1 cup) 

3 sodium-free cookies 


BEDTIME SNACK: 
Milk (1 cup) 


* grapefruit, sugar 
Sodium-restricted High Protein Diet 


(Contains 800 mg sodium, 135 Gm protein, 120 Gm fat, 220 Gm carbo- 
hydrate, and 2480 Cal. No salt is permitted in preparation of meals or 
at the table. ) 


BREAKFAST: 

1 sliced orange, sugar 

Cooked, salt-free cereal (% cup), sugar 
2 soft-boiled eggs 

1 slice salt-free bread 

1 pat salt-free butter 

Jelly 


Coffee, cream, sugar 


LUNCH: 

Sandwich made with: 
Lean, unsalted ground beef (4 oz) 
2 slices salt-free bread 
Dietetic mayonnaise (1 tbsp) 

1 sliced large tomato on lettuce 

Milk (1 cup) 


1 medium banana 
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DINNER: 

Sliced chicken (6 0z) 

1 medium baked potato 

2 pats salt-free butter 

Buttered, salt-free string beans (% cup) 

Lettuce—pear—cottage cheese salad (made with 3 oz of dietetic 
cottage cheese) 

Milk (1 cup) 

3 sodium-free cookies 


BEDTIME SNACK: 
Milk (1 cup) 
% grapefruit, sugar 


Urinary Calculi 


Stones may be found anywhere along the urinary tract, in the kidney, 
ureters, bladder, and urethra. They usually originate in the kidney 
where supersaturated urinary salts precipitate around small foci to form 
crystalline concretions which serve as nuclei for further growth. Precipi- 
tation and calculus formation is enhanced in infection, during urinary 
stasis, by high urinary concentration, and in hyperexcretion of calcium, 
phosphorus, uric acid, and cystine. 


Dietary Considerations 


Dietary considerations apply primarily to the retardation of stone 
growth and to prevention of a recurrence after spontaneous passage or 
surgical removal of stones whose composition has been ascertained. In 
predisposed individuals the fluid intake should exceed 3,000 cc in order 
to ensure a dilute urine in which potential calculus-forming salts cannot 
reach concentrations at which they may readily precipitate out of solu- 
tion. The reaction of the urine may also be regulated by dietary means 
in an effort to prevent precipitation. Foods which contribute ingredients 
or precursors of ingredients for renal calculi may be excluded. The 
efficacy of dietary means in the prophylaxis of most urinary stones is 
not too well documented; however, for the sake of thoroughness, some 
methods of approach relating to the major classes of stones have been 
enumerated. 


Cystine Stones 


Cystinuria, an inborn error of metabolism, is responsible for about 
2 per cent of urinary calculi. In the past, a low-protein diet has been sug- 
gested for prophylaxis of cystine stones; however, there is little evidence 
that in this disorder the amount of cystine in the urine can be sufficiently 
reduced by dietary restrictions to be of value. Effective measures, com- 
monly employed, are (1) alkalization of the patient’s urine with alkalizing 
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agents like sodium citrate (alkalizing agents are simpler and more effec- 
tive than dietary manipulation), and (2) an increase in the fluid intake 
in order to obtain a very dilute urine in which the urinary cystine is 
held in solution until it is voided. 


Uric Acid Stones 


The measures recommended in the prophylaxis of uric acid calculi are 
(1) alkalization of the urine in an effort to keep the urinary uric acid in 
solution (free uric acid is less soluble than alkaline urates which are 
formed in the alkalized urine); (2) an increase of the fluid intake in 
order to reduce the concentration of uric acid in the urine and to enhance 
its solubility; and (3) a low purine diet as described for gout (Chap. 31.) 

The rationale of this diet is based on the fact that ingested purine com- 
pounds are metabolized to uric acid in the body. However, avoidance of 
dietary purines alone does not suffice since there is a considerable inde- 
pendent endogenous synthesis of uric acid from ingested nitrogen com- 
pounds other than purines. In view of this, many clinicians favor a 
general reduction of protein intake, in addition to the selective features 
of the low purine diet, for refractory individuals who have a higher than 
normal urinary uric acid excretion. A protein intake of 1 gram per kilo- 
gram body weight is normally considered optimal; the reduction of 
the protein intake to half this level, in addition to avoidance of dietary 
purines, reduces uric acid production appreciably and is considered an 
effective prophylaxis against recurrent uric acid stone formation. 


Hypercalcinuria 

High levels of urinary calcium predispose to the precipitation of cal- 
cium-containing crystalloids and the formation of calcium oxalate and 
calcium phosphate stones. Hypercalcinuria is met in a number of con- 
ditions, the most common of which are (1) a high calcium intake, (2) 
hypervitaminosis D, (3) prolonged skeletal immobilization with disuse 
demineralization of bone, (4) prolonged acidosis, (5) postmenopausal 
osteoporosis, and (5) hyperparathyroidism. 

The most common, avoidable instances of hypercalcinuria are found 
among individuals who habitually consume more than 1 quart of milk 
per day. Ulcer patients who have been kept on a Sippy diet far too long, 
or who continue to ingest large quantities of milk and cream, or who 
consume excessive amounts of proprietary antacids which contain calcium 
salts are particularly prone to develop calcium stones. 


Calcium Oxalate Stones 


The measures recommended in the prophylaxis of calcium oxalate 
stones are (1) an increase in the fluid intake in order to reduce the con- 
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centration of calcium and oxalate ions in the urine, (2) acidification of 
the urine by means of administration of acidifying agents in order to keep 
the urinary calcium and oxalate ions in solution (2 to 3 grams of sodium 
acid phosphate daily, in divided doses ), and (3) avoidance of an excessive 
calcium intake (quantities in excess of 1.0 gram per day). The latter in- 
volves a limitation in the intake of the following calcium-rich foods: 
milk, cheese, and other milk products and canned sardines and salmon 
(with bones ). 

In the past the exclusion of dietary oxalates has been advocated in the 
hope of reducing the amount of urinary oxalic acid. Clinical experience 
has shown that oxalate calculi may recur even after strict elimination of 
dietary sources of oxalate. This may be based on the fact that endogenous 
production of oxalate takes place in the human body, independent of an 
exogenous dietary supply. 

If an attempt is made to reduce oxaluria by dietary means, the follow- 
ing oxalate-contributing foods should be excluded or limited: spinach, 
endive, cocoa, tea, dried figs, Swiss chard, beets, beet greens, almonds, 
cashew nuts, rhubarb, strawberries, Concord grapes, beans, tomatoes, 
plums, okra, sweet potatoes, green peppers, red currants, celery, and 
most berries. 


Calcium Phosphate Stones 


The measures recommended in the prophylaxis of calcium phosphate 
stones are (1) an increase in the fluid intake, acidification of the urine, 
and limitation of calcium intake, all as described in the previous section 
on calcium oxalate stones, and (2) avoidance of excessive dietary phos- 
phate. The latter involves a limitation in the intake of the following phos- 
phate-rich foods: milk, cheese, and other milk products, whole-grain 
cereals, bran, oatmeal, eggs, organ meats, nuts, soybeans, meats, and 
cereal products. Orally administered Aluminum Hydroxide Gel, U.S.P., 
forms insoluble complexes with dietary phosphate in the intestine and 
is very helpful in depressing phosphaturia. 


CHAPTER 3 [ 


NUTRITION AND DIET IN 
GOUT AND OSTEOARTHRITIS 


Gout 


Gout is a disorder of purine metabolism characterized by abnormally 
high uric acid levels in the blood, deposits of sodium urate in selected 
tissues, and recurrent attacks of acute arthritis. The deposits of sodium 
urate occur both in soft and bony tissues and are commonly found in 
cartilage and bone and near and in joints, bursae, ligaments, and tendons. 
The condition is found predominantly among males. Though it may 
begin at any age, it occurs most frequently in middle life. Hyperuricemia 
appears to be genetically conditioned, but only a portion of individuals 
who are heterozygotes with respect to the inherited tendency will develop 
clinical gout. 

Uric acid is a normal end product of the breakdown of purine com- 
pounds like nucleic acids, xanthines, and others. At one time it was 
thought that in man the only sources of uric acid were preformed purines, 
such as the individual’s own tissue nucleoproteins and purines ingested 
with foods. However, it has been conclusively proved that the metabolic 
precursors of urates in man are not restricted to endogenous or exogenous 
preformed purines, but that the human body can synthesize uric acid 
from relatively simple carbon and nitrogen compounds which are abun- 
dantly present in its metabolic pool, such as glycine, carbon dioxide, and 
ammonia. Thus the characteristic hyperuricemia of the gouty patient 
is not necessarily the result of an excessive supply of preformed dietary 
purines or of an abnormally large breakdown of tissue nucleoproteins. 

The level of serum uric acid in gouty individuals may be 6 milligrams 
per 100 cc or more; the normal level is 3 to 5 milligrams. The character- 
istic acute attack of gouty arthritis is not necessarily accompanied or 
preceded by a rise in blood uric acid levels, and uric acid may be injected 
into a gouty patient in relatively large amounts during a quiescent inter- 
lude without setting off an acute attack. Similarly, many individuals who 
exhibit hyperuricemia never suffer the clinical symptoms of gout. In view 
of all this, some investigators feel that perhaps a purine compound other 
than uric acid is etiologically involved and that the last word on gout 
remains to be said. 
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Dietary Considerations 


Contemporary concepts of the desirable diet in gout have been some- 
what altered by the recognition that uric acid is derived not only from 
preformed purine compounds but also from simple and readily available 
carbon and nitrogen precursors. Once it was believed that the outright 
exclusion of dietary purines would effectively depress uric acid formation 
and thus control the metabolic circumstances which lead to clinical 
symptomatology. Many clinicians feel, nevertheless, that the diet should 
not contribute more purines than are unavoidable. Some limitation of 
purines is certainly advisable in an effort to prevent a needless increase 
in the uric acid pool. 

Some clinicians feel that a permanent decrease in protein intake is 
helpful in the prophylaxis of acute episodes in known patients with gout. 
The rationale of this proposed low protein regimen in conjunction with 
a low purine intake is based on the desire to decrease the concentration 
and availability of amino acids in the metabolic pool, which may be 
potential precursors for endogenous purine synthesis. 

Nucleoproteins (which yield uric acid when catabolized) are found 
in most animal foods in varying quantities and also in the germ of seeds 
and in some vegetables. The following foods contain high concentrations 
of purines (150 to 1,000 milligrams per 100 grams) and should be omitted 
from the diet of the gouty individual at all times (except in very small 
quantities ). 


Group A 
Liver Anchovies 
Kidney Sardines 
Sweetbreads Meat extracts, consommé 
Brains Gravies 
Heart Fish roes 
Mussels Herring 


The following foods contain moderate amounts of purines (50 to 150 
mg/100 Gm) and are usually limited to one serving each day. 


Group B 
Meats Beans 
Fowl Peas 
Fish (except as noted above) Asparagus 
Other sea foods Cauliflower 
Lentils Mushrooms 
Yeast Spinach 


Whole-grain cereals 
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The following foods contain negligible amounts of purines and are 
not subject to limitation: 


Vegetables (except as noted above) _ Refined cereals and cereal products 


Fruits Butter and fats (but these should be 
Milk taken with moderation for rea- 
Cheese sons given below) 

Eggs Sugars and sweets 


Vegetable soups 


Coffee, tea, and chocolate, at one time excluded from the diet of 
gouty patients, contain methyl xanthines which are metabolized to methyl 
urates, which apparently are not deposited in tissues. Thus the elimina- 
tion of these beverages only visits an unnecessary hardship on the patient. 

Experience has shown that a diet high in fat interferes with the excre- 
tion of urates, while a high carbohydrate diet enhances urate clearance 
from the blood. It is also desirable to maintain the gout patient at a 
normal weight and to give him abundant fluids at all times, the latter 
in order to decrease the precipitation of urates in his kidneys. 


Dietary Regimen during Acute Attacks 


During acute attacks of gout the diet should not contribute exogenous 
purines which, once metabolized, would add to the existing high uric 
acid load. Consequently a diet is given which does not contain foods 
listed above as containing high or moderate amounts of purine (see 
purine-free diet, below). An abundant fluid intake, up to 3,500 cc is 
encouraged with the dual purpose of preventing urate precipitation in 
the kidney and combating dehydration of the febrile patient. The purine- 
free diet given should emphasize a relatively high carbohydrate intake 
and a moderate protein level and should be low in fat. 


Dietary Regimen for Quiescent Intervals 


Between attacks the diet should correct any overweight on the part 
of the patient and should adjust his weight to normal. The desired diet 
is low in purine content, moderate in protein, and relatively low in fat 
(see Low Purine Diet, below). The fluid input should be such that a 
minimum urinary output of 2,000 cc results. This less restrictive diet 
is considered a permanent maintenance diet and, being nutritionally 
adequate, requires no special vitamin supplementation. 

The efficacy of such a regimen should be judged only after sustained, 
long-continued effort and on an individual basis. This limitation of 
purine input and promotion of uric acid output is a salutary adjunct 
to specific colchicine (and phenylbutazone and steroid) therapy during 
acute episodes and to continuous systematic administration of probenecid, 
a uricosuric agent, during the intercritical period. 
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Purine-free Diet 


This diet is characterized by the complete exclusion of foods in 
Groups A and B (see above). Protein, fat, and carbohydrate levels re- 
flect the principles outlined for the dietary regimen in gout. 


Sample Menu 


(Contains approximately 70 Gm, protein, 50 Gm fat, 285 Gm carbohy- 
drate, and 1870 Cal) 


BREAKFAST: 

Orange juice (% cup) 

Enriched breakfast cereal (% cup, dry), sugar 
Skim milk (1 cup, use with cereal) 

1 soft-boiled egg 

2 slices white toast, jam 

1 pat butter 

Coffee, sugar 


LUNCH: 

Cream of tomato soup (1 cup) 
Cottage cheese (3 0z) with pear-lettuce salad 
2 hot rolls, jelly 

1 pat butter 

Skim milk (1 cup) 

1 banana 

DINNER: 

Lettuce and tomato (%) salad 
Cheese soufflé (1 cup) 

1 medium baked potato 

1 pat butter 

Yellow squash (% cup) 

2 hot biscuits, jam 

Canned peaches (2 halves) 
Beverage 


BEDTIME SNACK: 
Skim milk (1 cup) 
Cake or cookies 


Low Purine Diet 


This diet is characterized by the exclusion of foods in Group A (see 
above) and limitation of foods in Group B to one serving per day. Protein, 
fat, and carbohydrate levels reflect the principles outlined for the dietary 
regimen in gout. 
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Sample Menu 


(Contains approximately 75 Gm protein, 60 Gm fat, 290 Gm carbohy- 
drate, and 2000 Cal) 


BREAKFAST: 

1 sliced orange, sugar 

Enriched breakfast cereal (% cup, dry), sugar 
Skim milk (1 cup, use with cereal) 

1 soft-boiled egg 

2 slices white toast, jam 

1 pat butter 

Coffee, sugar 


LUNCH: 
Cream of tomato soup (1 cup) 
Sandwich made with: 
2 slices white bread 
2 slices Cheddar cheese 
Mayonnaise (2 tsp) 
Lettuce 
4 carrot sticks 
Skim milk (1 cup) 


1 banana 


DINNER: 

Lettuce and tomato (%) salad 
Lean ground steak (3 oz) 

1 medium baked potato 

1 pat butter 

Buttered string beans (% cup) 
2 hot biscuits, jam 

Canned peaches (2 halves) 
Beverage 


BEDTIME SNACK: 
Skim milk (1 cup) 
Cake or cookies 


Osteoarthritis (Hypertrophic, or Degenerative, Arthritis) 


Degenerative arthritis is a chronic progressive disorder which involves 
primarily the weight-bearing joints and which is the result of wear and 
tear of long duration. It is common in individuals in the fifth and sixth 
decades, particularly in obese persons. The degenerative joint changes 
are particularly pronounced in the parts exposed to major weight-bearing 
trauma—the knees, the hips, and the lumbar and cervical spine. 

When the first symptoms of osteoarthritis become evident, the weight 
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of the individual should be evaluated and a program of dietary weigh 
reduction instituted (Chap. 21) in order to take any excessive load of 
the damaged joints. A reduction in weight, not only of the grossly obes 
but also of those who are only moderately overweight, is the mos 
effective single step toward alleviation of symptoms, preservation of th 
impaired function of the involved joints, and deceleration of future 
progressive degenerative changes. 

Aside from a reduction of gravitational trauma on the damaged joint: 
there is no effective dietary regimen with specific intrinsic value in the 
treatment of osteoarthritis or, for that matter, in the treatment of rheu 
matoid arthritis or other arthritides as long as the nutritional status of the 
individual is satisfactory. 


CHAPTER 32 


NUTRITION AND DIET IN 
CONGENITAL METABOLIC DISORDERS 


In recent years a number of more or less rare disorders with heretofore 
puzzling etiology have been defined as disease entities caused by the 
outright absence—or diminution in activity—of one or more key enzymes 
involved in normal body metabolism. The term “inborn error of metabo- 
lism” has been applied to these conditions though, perhaps, the designa- 
tion disorders of incomplete metabolism might be preferable (the latter 
term does not allege the presence of a new aberrant metabolic pathway, 
but emphasizes an interruption or quantitative limitation in the normal 
metabolic process). Certain familial disorders of metabolism have been 
covered in individual chapters since they are classical, not uncommon 
diseases (see diabetes, gout). The less well known disorders based on 
genetically determined defects in enzyme systems in which dietary therapy 
is an important factor are discussed in this chapter. 


Phenylketonuria (Phenylpyruvic Oligophrenia) 


Phenylketonuria is an inborn defect of phenylalanine metabolism 
which occurs about once in every 25,000 births and is transmitted as a 
simple Mendelian recessive trait on the basis of inheritance of an 
autosomal recessive gene. The underlying biochemical defect is a failure 
to convert the essential amino acid phenylalanine (derived from proteins 
of the diet or from the body’s metabolic pool) into tyrosine, which is 
the normal metabolic pathway. 

In phenylketonuria the liver enzyme phenylalanine hydroxylase is 
absent (or deficient), and consequently there exists a complete or partial 
block in the formation of the normal metabolite tyrosine. As a result 
phenylalanine accumulates and is eventually transaminated to its keto 
analogue phenylpyruvate (some of it is also converted to phenylacetyl- 
glutamine). The excess phenylalanine and the abnormal phenylpyruvate 
accumulate in the blood and tissues and eventually spill over into the 
urine. The abnormal metabolites damage, among other tissues, the 
central nervous system, and progressive mental retardation is one of 
the clinical symptoms; nonspecific neurologic abnormalities, minor epilep- 
tic fits, an eczema-like skin eruption, and deficient skin and hair colora- 
tion are part of the clinical picture. The brain damage is cumulative and 
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apparently irreversible and depends on the length of time during which 
the abnormal metabolites were permitted to act on the central nervous 
system. Thus early detection is essential, since mental deterioration is 
greatest during the early months of life. Diagnosis is established by 
demonstration of phenylpyruvate in the urine. 


Dietary Treatment 


The only known effective treatment is dietary and preventative and 
is directed toward decreasing the body’s metabolic phenylalanine pool 
by stringently restricting the phenylalanine intake. (Recent studies 
indicate that, in addition, a reduction of tryptophan intake may be 
beneficial since the derangement of metabolism possibly also involves 
tryptophan. ) 

Two commercial phenylalanine-free diet preparations are now avail- 
able. They consist of casein hydrolyzates from which phenylalanine has 
been removed and which are supplemented with additional amino acids, 
minerals, and vitamins. In addition to these phenylalanine-free amino 
acid sources, the patient should receive a normal carbohydrate and fat 
allowance and a generous vitamin and mineral supplementation. 

Initially the infant is given 5 grams of the basic amino acid prepara- 
tion per kilogram of body weight without any additional protein. To 
this are added fruit juices, vegetable oil, strained fruits, and strained low 
protein vegetables. Once the (previously abnormally high) blood 
phenylalanine level has dropped to the normal range of 1 to 2 milli- 
grams per 100 cc, foods containing small amounts of protein may be 
gradually added in order to contribute the minimal amount of phenylal- 
anine which is needed for growth. (Phenylalanine is an essential amino 
acid.) Thus after 3 or 4 weeks the total phenylalanine intake of the 
afflicted infant should be adjusted to 15 to 20 milligrams per kilogram 
per day, in contrast to a normal intake of 90 to 200 milligrams. Carrots, 
apples, low protein vegetables, frozen sweetened cream, and tomato 
juice thickened with corn starch lend themselves well to the initial low 
protein expansion of the diet. Eventually almost any low protein foods 
may be fed to the child, subject of course to the total daily permissible 
phenylalanine intake. For all practical purposes one may assume that 
most food proteins contain 5 per cent of phenylalanine; the phenylala- 
nine content of a food is therefore readily calculated by multiplying 
the amount of protein which it contains by 0.05. 

As far as is known to date the phenylalanine restriction must be 
continued indefinitely; a return to an uncontrolled diet reverses the 
improvement. Because of the extremely low protein intake in such a 
dietary regimen, the attending physician should be on the alert for any 
manifestations of malnutrition. 
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Results 


Results of low phenylalanine diets vary, depending on how soon in 
life therapy is instituted and on the amount of cerebral toxic damage 
which was sustained previously. In general, the skin eruption clears, 
skin and hair pigmentation become normal, and the epileptic seizures 
tend to cease. Usually there is an improvement in motor ability and 
increased awareness and lengthened attention span and the charac- 
teristic apathy and irritability disappear. The effect of the dietary 
regimen on mental ability varies from infants in whom the diet was 
instituted during the first weeks of life and who have so far developed 
almost normally to children over 2 or more years of age in whom only 
minor or no improvement could be seen. In most cases, the improvement 
in behavior, in motor coordination, and in ease of handling is such that 
the dietary restriction of phenylalanine appears justified even when the 
outlook for improvement of the mental retardation is dim. 


Galactosemia 


Galactosemia is a congenital disorder of carbohydrate metabolism 
characterized by an inability to metabolize galactose. The afflicted infant 
lacks (or is deficient in) the enzyme galactose 1-phosphate uridyl trans- 
ferase which normally catalyzes the conversion of galactose 1-phosphate 
to glucose 1-phosphate. Consequently, galactose and galactose 1-phos- 
phate accumulate in the patient’s blood and liver, and galactose is spilled 
in the patient’s urine. (The normal pathway for the reverse conversion 
of glucose to galactose are intact, and the growing brain of the galac- 
tosemic infant appears to be able to procure its needed supply of galacto- 
lipids from the endogenous conversion of glucose to galactose. ) 

The clinical picture is that of an infant with gastrointestinal symptoms 
and progressively enlarging liver who fails to thrive. Jaundice may or 
may not be present. Lamellar cataracts develop eventually; they may 
be frequently noted by the end of the second month. Affected infants 
usually fail to grow satisfactorily. Aminoaciduria and proteinuria appear 
secondarily, possibly based on competition between galactose and amino 
acids for renal tubular reabsorption or on renal toxicity of galactose or 
galactose 1-phosphate. Epileptiform seizures may be seen in some patients. 
Others may eventually develop a cirrhosed liver. Mental retardation is 
a major complication; it is progressive and becomes more pronounced 
as the infant grows older without benefit of treatment. 

Diagnosis of galactosemia is established by the finding of elevated 
blood galactose levels and by a grossly abnormal galactose tolerance 
curve followed by galactosuria; about 40 to 50 per cent of the admin- 
istered galactose can usually be recovered in the urine. The determina- 
tion of the presence or absence of the enzyme galactose 1-phosphate 
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uridyl transferase (see above) in the erythrocytes is another diagnostic 
test. It requires only 2 hours and avoids the metabolically less desirable 


galactose tolerance test. 


Dietary Treatment 


The only known effective treatment is preventative and consists of the 
rigid exclusion of all dietary sources of galactose and lactose (lactose 
yields galactose and glucose on digestion). Once the intake of lactose 
and galactose is interrupted, there is no further progression of clinical 
symptomatology, and often all symptoms clear up with restoration of 
normal health. It is not uncommon even to see established cataracts 
disappear. The prognosis depends, in part, on the severity of the con- 
dition, the strictness of the diet, and particularly on the age at which 
the diagnosis was made and therapy was started. 

Milk and milk derivatives must be completely eliminated from the 
infant’s diet once a diagnosis of galactosemia has been confirmed. For 
all practical purposes, milk and milk products are the only major signifi- 
cant dietary source of galactose, and except for them, the diet of the 
patient may be essentially normal. Thus instead of breast milk or cow’s 
milk formula, the young infant should receive strained meats either by 
spoon or in the form of a liquid formula ( with vegetable oil, sugar, 
water, and starch; see Chap. 38). The use of proprietary formulas based 
on soybeans—commonly used for infants allergic to cow’s milk—is not 
advisable since soybeans contain stachyose, a tetrasaccharide which 
contains two molecules of galactose, and it is not known how much 
galactose is liberated and absorbed from this source. As time goes by, 
the growing infant receives a diet which is normal except for the care- 
ful exclusion of any milk derivative. Particular attention must be paid 
to commercially prepared foods which may contain milk products where 
it is not expected; the ingredient list on labels of all processed and 
packaged foods should therefore be carefully scrutinized. (Not the least 
important of such items are commercial breads, many of which are 
enriched with skim milk powder and many pharmaceutical tablets which 
contain lactose as a filler.) 

Other quantitatively less likely dietary sources of galactose which 
must be eliminated are brains, beef lungs, agar, and gum arabic. The 
latter two vegetable gums are occasionally used as stabilizers in processed 
foods and may be avoided by perusal of ingredient lists on labels. 

The lactose-galactose-free diet for galactosemia patients should be 
considered a permanent maintenance regimen and should continue 
throughout the child’s development. Cautious reintroduction of lactose 
and galactose into the diet might be tried during the early adult years 
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under painstaking clinical control, provided the galactose tolerance 
curve is found to be normal. Dietary treatment of galactosemia has not 
been practiced long enough to collect clinical data on patients raised 
on a galactose-free regimen who have reached adulthood. 


Wilson’s Disease (Hepatolenticular Degeneration) 


Wilson’s disease is a rare familial disorder of copper metabolism. The 
underlying biochemical lesion is a deficiency in the formation of a 
specific serum protein, ceruloplasmin, which normally binds the small 
amount of copper which is in circulation and plays a critical role in the 
quantitative regulation of the absorption of dietary copper (Chap. 12). 
The pathologic and clinical picture is presumably the direct and indirect 
consequence of unregulated, constant, and unlimited absorption of 
dietary copper and the retention of the excessive copper in certain body 
tissues. The characteristic biochemical feature of the disease, on which 
its diagnosis is also based, is the abnormally low concentration or com- 
plete absence of ceruloplasmin. Normal blood contains 25 milligrams of 
ceruloplasmin per 100 cc, while in Wilson’s disease only 0 to 5 milligrams 
is found. 

The brain and liver of affected individuals contain increased amounts 
of copper. A progressive degeneration of the lenticular nucleus of the 
central nervous system occurs simultaneously with liver impairment and 
eventual cirrhosis. The central nervous system damage results in a charac- 
teristic neurological picture. The amount of copper excreted in the urine 
is higher than normal; urinary excretion of amino acids is also increased, 
presumably because of a secondary renal tubular defect. Deposits of cop- 
per are present in the cornea (in the pathognomonic Kayser-Fleischer ring ) 
and sometimes in the lunulae of the fingers. Some children may not 
show neurologic symptomatology, but will have the liver disease. The 
disorder usually becomes evident when the affected child is 5 to 7 years 
old and is eventually*fatal unless treatment intervenes. 

Since the patient with Wilson's disease absorbs too much copper, the 
treatment is based on avoidance of an excessive dietary copper intake 
and the oral administration of special agents which prevent intestinal 
absorption. (Carboresin or potassium sulfide make dietary copper in- 
soluble.) In addition, agents like BAL (British anti-lewisite ) and peni- 
cillinamine hasten the elimination of copper and even mobilize copper 
which has been deposited in tissues. 

To date, low copper diets have been used on an experimental basis 
in a number of cases of the disease which are under active clinical study. 
The following is a tabulation (in descending order of concentration) of 
foods which contain relatively large amounts of copper and which should 
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be excluded or deemphasized in the formulation of the copper restricted 


diet: 


Liver 

Cherries 
Chocolate 
Mushrooms 
Shrimp 

Dried beans 
Lentils and peas 
Shellfish 


Organ meat other than liver 
Nuts 

Dried currants and peaches 
Dark molasses 

Bran 

Spinach 

Beef 

Whole-grain cereals 


CHAPTER 33 


NUTRITION AND THE ANEMIAS 


Classification 


Anemia per se should be regarded as a symptom of an underlying 
disorder, not a disease. It is a condition in which the total quantity of 
hemoglobin in the circulating blood is less than normal. This deficiency 
in circulating hemoglobin may be due to a decreased number of red 
blood cells per unit volume of blood or to a deficient hemoglobin content 
in the erythrocytes. The various anemias may be classified in the following 
simplified fashion on an etiologic basis: 


i 


Il. 


Ill. 


Anemias caused by blood loss 
A. Anemia of chronic blood loss 
B. Acute posthemorrhagic anemia 


Anemias caused by excessive destruction of erythrocytes 
A. Acute hemolysis 
1. Due to immune bodies, as in erythroblastosis or hypersplen- 
ism 
2. Due to toxic reactions to bacterial toxins or chemicals 
(drugs ) 
B. Chronic hemolysis as in 
1. Congenital disorders—sickle cell anemia, Mediterranean 
anemia, congenital hemolytic jaundice 
2. Acquired disorders—paroxysmal nocturnal hemoglobinuria 


Anemias due to impaired production of erythrocytes 

A. Caused by deficiency of substances essential for erythropoesis 
. Iron 

. Vitamin Bye 

. Folic Acid 

. Protein 

. Vitamin C 

Trace minerals 

. Other vitamins 


ID oP ODE 


B. Caused by con genital defects in erythropoesis 
1. Congenital hemolytic diseases (mentioned above ) 
2. Formation of abnormal hemoglobins 
317 
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C. Caused by acquired impairment of erythropoesis 
1. Infection 
. Chronic diseases 
. Replacement or infiltration of the bone marrow 
. Inhibition or destruction of the marrow by noxious chemi- 
cals, drugs, or irradiation 
5. Endocrine disorders 


m CO bo 


Erythropoesis and Anemia 


The maintenance of the normal complement of erythrocytes and 
hemoglobin depends on a dynamic equilibrium between the formation 
of red blood cells and their removal. Most constituents of the erythrocytes 
are effectively conserved and reutilized; however, the conservation of 
materials which cannot be synthesized by the body de novo and must be 
supplied by exogenous dietary sources such as iron and essential amino 
acids is not always complete, and anemia due to deficiency of these com- 
ponents is not uncommon. 

The functional red blood cell is the end result of a complex develop- 
mental process which involves, among other phenomena, the synthesis 
of nucleic acids and nucleoproteins. The vitamins folic acid and vitamin 
Biz play a special essential role in this synthesis, and thus in the forma- 
tion and maturation of primordial erythrocytes; when their supply is 
inadequate, the orderly development of many erythroblasts is impaired 
and arrested before maturation is reached and a qualitative and quantita- 
tive insufficiency results. The terms megaloblastic arrest in the bone 
marrow (where erythrocytes are formed) and megaloblastic anemia 
refer to the cytologic changes wrought by such a biochemical aberration. 

Iron is a constituent of the hemoglobin molecule, and if the supply 
of iron is inadequate, there is a limitation in the amount of new hemo- 
globin which can be synthesized and incorporated into developing 
erythrocytes. In such a case, although the new erythrocytes will mature, 
as long as there is no intercurrent folic acid or vitamin By. deficiency, 
they will carry a subnormal complement of active hemoglobin. 

Proteins of high biologic quality, iron, vitamin By», folic acid, vitamin 
C, are all dietary constituents of importance from the standpoint of 
deficiency anemia; however, in most cases, an insufficient dietary supply 
of these factors is less important in the creation of a deficiency than 
impaired absorption, excessive loss, or an abnormally increased _re- 
quirement. 


Iron Deficiency Anemias 


In this group belong a number of chronic anemias which are charac- 
terized by small pale erythrocytes. The basic causative factor in these 
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conditions is the depletion of the individual’s iron stores due to a dis- 
crepancy between the iron intake and the iron requirement, be it normal 
or abnormally high. In adults, chronic blood loss is the most common cause 
for iron deficiency anemia. It may be physiologic, as in excessive or pro- 
longed menstruation or after repeated pregnancies, or pathologic, as in 
occult intestinal blood loss due to ulceration, parasites, or malignancy. 

Disorders of the gastrointestinal tract such as achlorhydria or chronic 
diarrhea may also lead to iron deficiency anemia because of impaired 
iron absorption. In pregnancy, a certain degree of hypochromic anemia 
results from the iron demands of the fetus coupled with an increase in the 
volume of circulating blood. Infants and children often develop iron 
deficiency anemia during periods of rapid growth when their iron intake 
is not equal to the demands of the constantly increasing tissue mass, be it 
for iron for circulating hemoglobin or for fixed muscle myoglobin. A pure 
nutritional iron deficiency anemia is often encountered in infants who 
have been kept on an exclusive milk diet too long or whose large milk 
intake, which contributes only negligible amounts of iron, prevents them 
from taking enough other iron-rich foods. 

The symptoms of iron deficiency anemia are similar to those of other 
types and include weakness, easy fatigability, pallor, dyspnea on exertion, 
and a constant feeling of tiredness. The onset is usually insidious. There 
may be vague gastrointestinal symptoms. Achlorhydria is not uncom- 
mon. The skin, mucous membranes, and nails are pale in proportion to 
the reduction in the circulating hemoglobin. A large proportion of adults 
with long-standing hypochromic anemia exhibit atrophy of the papillae 
of the tongue. There may be slight cardiac enlargement with eventual 
failure if the anemia becomes severe enough. Nails may be brittle, 
longitudinally ridged, or even concave and spoon-shaped. (The rela- 
tively uncommon clinical picture of hypochromic anemia, achlorhydria, 
glossitis, dysphagia, and spoon-shaped nails is referred to as the Plum- 
mer-Vinson syndrome.) Individual blood cells are pale (hypochromic ) 
and smaller than normal (microcytic). The major defect is in the make-up 
of individual erythrocytes, not their total number; thus the total cell 
count may be normal or slightly low. 


Iron Deficiency Anemia in Infancy and Early Childhood 


Whereas most instances of iron deficiency anemia occurring in adults 
can be traced to current or past blood loss, the majority of cases of iron 
deficiency anemia in infants and children must be regarded as dietary 
in nature. Exceptions are the relatively uncommon cases of blood loss in 
infants and children (where repeated nose bleeding can be a factor) 
and those regions of the world where parasitic infestation is frequent in 
children and leads to a chronic, occult blood loss. 
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It is a discouraging paradox that in the last decades, during which 
the incidence of most nutritional deficiencies in infants and young 
children has been substantially reduced, the incidence of iron deficiency 
anemia appears to have decreased very little. Approximately 25 per cent 
of infants who are being hospitalized for a variety of ills exhibit iron 
deficiency anemia of moderate degree, and data obtained in ambulatory 
pediatric care show that subclinical or marginal states of iron deficiency 
are very common in the 6- to 36-month-old group in infants who are 
otherwise deemed healthy and normal. 

Detection of anemia in infancy is difficult since the infant does not 
express complaints of feeling “run down” and being easily fatigued. 
Thus many a case goes unrecognized by parent and physician alike and 
is discovered when investigation of another nonassociated disease yields 
telltale laboratory data. 

The high incidence of iron deficiency anemia in the young is not 
surprising in view of the fact that during the first two years of life the 
requirement for iron to be incorporated into hemoglobin and into fixed 
muscle myoglobin and iron-containing intracellular enzymes is up to 
three times greater than at any other time. Whenever this iron require- 
ment is not met by the daily dietary intake or whenever the infant is 
handicapped by a subnormal endowment of iron at birth, iron deficiency 
occurs. 

In contrast to the normal adult who possesses adequate iron stores, the 
newborn inherits most of his iron in the form of circulating hemoglobin 
and has very little effective tissue stores. Prenatal factors influence the 
infant’s total iron at birth; thus infants of anemic mothers frequently 
share the maternal iron deficiency. There is a greater incidence of anemia 
in infants of a high birth order in contrast to first and second children 
(presumably because of progressive iron depletion in the mother). Con- 
versely, infants born to mothers treated with oral iron during pregnancy 
exhibit higher iron values than control groups. The total amount of fetal 
hemoglobin increases with gestational age. Therefore prematurity or 
a low birth weight is the most common predisposing factor to iron def- 
icit in the newborn. As a rule twins also seem to be more predisposed. 


Dietary Considerations and Prevention in Infancy 


The infant depends solely on his diet for a supply of iron to permit 
normal expansion of his tissue mass and blood volume. In the case of 
the newborn who starts life with a low endowment, a compensatory 
supernormal acquisition of iron is essential, and the availability of dietary 
iron is indeed a critical factor. Normally, given a diet which is adequate 
with respect to iron, an infant will overcome his relative neonatal iron 
deficit; on the other hand, a normal complement of body iron at birth 
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is not adequate to prevent the development of iron deficiency anemia 
later, in the face of a diet low in iron. 

The average total body iron at birth is 300 milligrams and that in 
adulthood 3,000 to 5,000. Even if we assume that the daily iron loss in 
infancy is negligible (in the adult it amounts to about 1.2 milligrams 
per day), the average infant must accumulate about 0.5 milligram of 
iron daily for about 20 years if he is to avoid anemia. Since normally 
only about 10 to 15 per cent of the dietary iron is absorbed, up to 5 milli- 
grams of iron must be contained in the diet of the infant to prevent an 
iron deficit. A diet based on milk alone (as is often the case during the 
first semester of life) or in which the predominant role of milk excludes 
adequate quantities of other iron-containing foods falls far short of this 
goal since a quart of milk supplies only about 1.5 milligrams of iron. 

The major sources of iron in an infant’s diet are iron-enriched cereals, 
eggs, meat, and green leafy vegetables, and only if such food items are 
liberally represented in the menu will it contribute 5 milligrams of iron. 
(Liver and other organ meats are excellent iron sources, but are not 
usually adequately emphasized in children’s diets.) For instance, half an 
ounce (dry weight) of the average iron-enriched infant cereal contains 
5 to § milligrams of iron, one egg yolk contains approximately 1.2 milli- 
grams, and two ounces of strained beef contains approximately 1 milli- 
gram of iron. Thus the inclusion in the menu of one or more servings of 
enriched infant cereal, one egg yolk, and one serving of meat will normally 
ensure an adequate dietary supply of iron for the infant. 

The iron requirement remains high throughout childhood and ado- 
lescence—as long as the individual grows rapidly—and a liberal inclusion 
of meat, organ meats, eggs, green leafy vegetables, and enriched cereal 
in the daily diet is necessary not only to meet the need for blood and 
tissue synthesis but also to build up iron reserves in the body for use 
in contingencies. Since the protein economy of the child's body is inti- 
mately connected with tissue expansion and hemoglobin synthesis and 
since protein deficiency is an aggravating factor in anemia, the diet 
should at all times supply liberal amounts of proteins, with emphasis on 
those of high biologic value. 


Prevention in Adulthood 


Just as the infant walks a tightrope with regard to his iron supply, the 
parous female between menarchy and menopause treads a narrow path 
between dietary supply and daily loss of iron. In males the daily loss of 
iron is estimated to be between 0.5 and 1.0 milligrams per day; thus 
the normal male adult can maintain a normal hemoglobin level on a diet 
containing from 5 to 10 milligrams of iron per day on the basis of an 
average 10 per cent absorption of dietary iron. However, the total iron 
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loss for women of menstrual age (averaged out over a 28-day cycle) has 
been estimated to be 1.5 to 2.5 milligrams per day. The cost of pregnancy 
in terms of iron is still higher; it amounts to from 300 to 500 milligrams of 
iron per pregnancy, which, when spread over the period of a year, adds 
another 1 to 1.5 milligrams to the daily requirement. Thus the average 
woman who is menstruating or parous requires more iron-containing 
foods than the male, and generally speaking, she receives less. It has 
been established that children and adults who are anemic or on the 
border line of iron deficit absorb a higher percentage of the ingested 
dietary iron than normal controls, and it is quite feasible that this 
mechanism also serves to prevent any greater frequency of iron deficiency 
anemia among women. 

In males and females alike the problem is to build up storage depots 
of iron to meet emergencies: hemorrhage and other blood loss, destruc- 
tion of erythrocytes by infections or poisons, pregnancy in the case of 
women—and blood donation. Iron reserves in the form of ferritin and 
hemosiderin in the liver, spleen, and bone marrow are essential to meet 
contingencies since sudden calls for extensive erythropoesis after hem- 
orrhage cannot be satisfied by the small trickle of iron absorbed daily 
from food. Normally, once the emergency is met, the incoming dietary 
iron will restock the partially depleted iron stores. As long as the require- 
ment is high, after hemorrhage, in anemia, or in pregnancy, the dietary 
iron is more effectively absorbed, only to be rejected to a large degree 
once the body reserves have been replenished. 

For ordinary needs, the dietary allowances recommended by the Food 
and Nutrition Board are generous and adequate (Table 22). It is not 
too difficult to provide a daily intake of 12 to 15 milligrams of iron if the 
menu includes one liberal serving of meat and one egg per day; this 
plus enriched cereal and bread and two to three servings of vegetables 
(one of which should be green, leafy) and/or fruit will supply from 
75 to 100 per cent of the daily requirement, depending on the size of 
the servings. 


Treatment 


Treatment of uncomplicated iron deficiency anemia is by oral adminis- 
tration of simple, soluble iron salts—ferrous sulfate or ferrous gluconate 
—whenever possible. Parenteral administration of other iron compounds 
is chosen when oral supplementation proves irritating, ineffective, or 
otherwise unfeasible. In all cases, the food intake should be planned 
with a view to providing maximal amounts of dietary iron in a diet, 
otherwise adequate (especially with regard to protein and vitamin C), 
which should obviate the need for further supplementation in the long 
run, barring absorption defects or abnormal blood losses. A list of common 
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foods which contribute above-average amounts of dietary iron is found 
in the section on iron in Chap. 12. 


Anemias Due to Deficiency of Vitamin B,. or Folic Acid 


This group includes a series of anemias whose underlying cause is a 
deficiency in either vitamin B,2, folic acid, or folinic acid. Vitamin C is 
thought to function in the conversion of folic acid to its biologically active 
analogue folinic acid (Chap. 11), and a severe ascorbic acid deficiency 
may thus have the same effect as folic or folinic acid deprivation. Vitamin 
By» and folic acid or its metabolically active derivative are essential for 
the synthesis of nucleoproteins, and formation of new nucleoproteins 
must necessarily precede any orderly cell division and the development 
of new erythrocytes and other cells. Thus deficiency in these factors will 
interfere with the normal development of erythrocytes and will lead to 
anemias which are characterized by megaloblastic arrest in the bone 
marrow and the production, in insufficient numbers, of large erythrocytes 
which carry a normal complement of hemoglobin (megaloblastic, macro- 
cytic, normochromic anemias ). 


Pernicious Anemia 


Pernicious anemia is a chronic macrocytic anemia, found mostly in 
middle-aged and elderly individuals, which is characterized by atrophy 
of the gastric mucosa and achlorhydria. A common complication is pro- 
gressive, subacute degeneration of the posterior and lateral tracts of the 
spinal cord. 

The basic defect is the absence from the gastric juice of a yet unidenti- 
fied factor (Castle’s intrinsic factor ), which is normally present and which 
is essential for the absorption of vitamin B,2 from the gastrointestinal 
tract. The resulting deficiency in vitamin By. is responsible for the 
defect in erythropoesis and for the damage to the nervous system. 

Treatment is specific and consists of parenteral supplementation with 
vitamin By». Folic acid is contraindicated since it reverses the abnormal 
blood picture without preventing or ameliorating the neurologic damage, 
which continues progressively. Oral vitamin By2 with Intrinsic Factor 
Concentrate, U.S.P., may be used for maintenance (only) but should 
not be relied on exclusively. It should not be used in the initial therapy 
or in the treatment of patients in relapse or with spinal cord lesions. 
Liver, given daily in large quantities, was formerly used as specific and 
effective dietary therapy. The efficacy of this dietary regimen was prob- 
ably based on the fact that vitamin B,2, when ingested in large quantities 
(25 micrograms or more), is apparently absorbed by another mechanism 
than that normally stipulated, that is, even in the absence of intrinsic 


factor. 
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Sprue and Other Malabsorption Anemias 


The macrocytic anemia of sprue is the result of folic acid and/or 
vitamin By» deficiency. The disorder and its treatment are discussed in 
detail in Chap. 26. 

Malabsorption syndromes such as are found in cases of diminished 
absorptive surface, chronic enteric obstruction, and intestinal blind loops 
frequently involve the lack of both folic acid and vitamin By». In treat- 
ment, surgical correction and antibiotic therapy are usually combined 
with the specific supplementation. 

After gastrectomy, the absence of intrinsic factor, which is normally 
elaborated by the gastric mucosa, impairs the absorption of vitamin B;>2 
and leads to a macrocytic anemia which responds specifically to parenteral 
therapy with the vitamin. 


Megaloblastic Anemia of Pregnancy 


Megaloblastic anemia of pregnancy is due to a folic acid deficiency, 
and treatment consists of oral administration of this vitamin (5 to 15 
milligrams per day) coupled with the introduction of a well-balanced, 
normal diet as described in Chap. 16. 


Megaloblastic Anemia of Infancy 


Megaloblastic anemia of infancy is believed to be due to inadequate 
formation of folinic acid (or its metabolically active equivalent) sec- 
ondary to a deficient intake of vitamin C and/or folic acid. A higher than 
normal requirement for folinic acid may play an important role in indi- 
viduals with megaloblastic anemia of infancy or pregnancy. Treatment 
consists of administration of liberal quantities of vitamin C and folic 
acid, coupled with the introduction of a well-balanced, normal diet as 
described in Chap. 17. 


Nutritional Macrocytic Anemia 


This is a term frequently applied’ to a macrocytic anemia associated 
with the long-standing consumption of marginal, protein-poor, restricted 
diets which are deficient in folic acid and, less frequently, in vitamin By». 
This disorder responds to administration of folic acid and/or vitamin By», 
coupled with the introduction of a normal, well-balanced diet. 


Scurvy 


A macrocytic anemia may be associated with severe cases of scurvy. 
It is thought that in such instances the vitamin C deficiency may inter- 
fere with the conversion of folic to folinic acid and the folinic acid dep- 
rivation may be responsible for the special character of the attendant 
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anemia. Treatment with vitamin C and folic acid is reeommended and 
should be coupled with a well-balanced diet to achieve a normal nu- 
tritional status. 

Not all instances of anemia in scurvy are true macrocytic anemias 
which require folic acid therapy. Many cases of anemia in scurvy respond 
to administration of vitamin C only, while others appear to be instances 
of iron deficiency. 


CHAPTER 34 


NUTRITION AND DIET 
IN NEUROLOGIC AND 
PSYCHIATRIC DISORDERS 


The integrity and normal function of all human organ systems and tissues 
are dependent on the nutritional status of the individual, and the pe- 
ripheral and central nervous systems are no exceptions to this rule. For 
the purposes of the nutritionist, neurologic disorders may be classified 
as (1) those which are uninfluenced by diet, (2) those in which the 
state of the nutrition plays a secondary, contributory role, and (3) those 
in which dietary deficiencies or disorders of absorption, transportation, 
or utilization constitute the primary etiology. The latter group includes 
such deficiency disorders as pellagra, beriberi, combined system disease, 
and others. 


Encephalopathy of Pellagra 


The encephalopathy of pellagra (Chaps. 10 and 22) is usually slow 
in onset and expresses itself at first principally in the form of mild anx- 
iety states, or neurasthenia. This neurasthenia is characterized by easy 
fatigability, lack of appetite, digestive disorders, insomnia, and alternat- 
ing depressions and tension states. This syndrome is apparently not a 
specific result of niacin deficiency alone since a similar state is not 
uncommon in other forms of malnutrition, including severe thiamine 
deprivation and starvation. Irritability, headaches, and emotional in- 
stability are other central nervous system manifestations which may ac- 
company the early signs of the disease. In later stages loss of memory 
may occur in some patients. If pellagra is not recognized as the under- 
lying cause of the encephalopathy, the disorder may be considered of 
psychoneurotic origin and the treatment will be ineffective. In advanced 
cases, confusional psychosis with acute fearful hallucinations, mania, de- 
lirium, and even catatonia may be observed. 

Niacin alone may dramatically relieve the early mental syndrome in 
the pellagrous state, but it is not necessarily effective in treatment of the 
neurologic damage in long-standing cases. It is important to ameliorate 
any other associated deficiency states concurrently; thus large but bal- 
anced multivitamin supplementation must also be given. In pellagrous 
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encephalopathy 100 to 250 milligrams of niacinamide is given parenter- * 
ally for a few days; this is followed by oral dosages. To this must be 
added oral thiamine and riboflavin in therapeutic quantities—five to ten 
times the recommendéd daily dietary allowances. As soon as the patient 
is able to feed himself he should receive a well-balanced diet con- 
tributing 2800 to 4000 calories, which contains 2 grams of protein per 
kilogram of body weight. Particular emphasis should be placed on 
inclusion of liver, eggs, milk, and meat. 


Encephalopathy of Niacin Deficiency 


Apart from the mental symptoms of pellagra, there exists a specific, 
clinically fairly defined encephalopathic syndrome which is due to niacin 
deficiency. Pellagrous signs are not present, but associated signs of 
malnutrition such as follicular keratinization or stomatitis may be pres- 
ent and are indicative of other concurrent deficiencies. The syndrome is 
characterized by a clouding of consciousness, cogwheel rigidity of the 
extremities, uncontrollable grasping and sucking reflexes, and at times 
coma. Many of the patients are old, debilitated, and malnourished. The 
syndrome is most frequent postoperatively (or after periods of high 
fever or delirium), following extensive parenteral infusions which are 
unaccompanied by vitamin supplementation. 

The disorder responds specifically to administration of niacinamide 
in massive doses. Three to five hundred milligrams of niacinamide should 
be given daily, in divided doses, together with generous, balanced sup- 
plementation with other vitamins (see previous section). Tube feeding 
may be necessary at first, followed by the dietary regimen outlined above 
for the treatment of pellagrous encephalopathy. 


Wernicke’s Encephalopathy 


Wernicke’s encephalopathy is a syndrome related to thiamine de- 
ficiency which is characterized by anorexia, nystagmus, double vision, 
ophthalmoplegia, loss of memory, confusion, confabulations, and hallu- 
cinations, which may progress to stupor and coma. Thiamine deficiency 
is largely responsible for the condition, though associated insufficiencies 
of other water soluble vitamins may also be involved. Parenteral and oral 
thiamine therapy (15 to 20 milligrams subcutaneously or 30 to 60 milli- 
grams by mouth in divided doses) is specific and should be coupled 
with polyvalent vitamin supplementation, including ascorbic acid in 
large amounts. This is followed with a well-balanced, protein-rich diet. 

In most cases of encephalopathy due to dietary insufficiency it is safe 
to assume that hepatic function is marginal, to say the least, if not in- 
sufficient. Thus in such cases, except for indications of massive necrosis 
of the liver and impending hepatic coma, a high calorie, high protein, 
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moderate fat, and high carbohydrate diet should be given and continued 
until improvement of hepatic function and nutritional status are achieved. 
At this point the caloric intake should be adjusted to maintain the patient 
at his ideal weight. 


Polyneuritis of Thiamine Deficiency 


In thiamine deficiency, peripheral neurologic changes usually appear 
after the patient has exhibited symptoms of neurasthenia (see section on 
pellagrous encephalopathy). The peripheral polyneuritis of thiamine 
deficiency is bilateral and usually symmetrical. The lower extremities are 
primarily involved. The onset is usually manifested by numbness, tingling, 
or burning of the toes and feet and muscle cramps; this progresses gradu- 
ally to sensory and motor loss in the feet and ankles and eventually 
involves the entire leg. It has been suggested that the polyneuritis of 
pregnancy, the neuritis of colitis, and the neural damage seen in many 
cachectic states are related to thiamine deficiency which may be as- 
sociated with multiple deficiencies of the B complex group of vitamins. 

The treatment of the polyneuritis of thiamine deficiency is that out- 
lined above for Wernicke’s syndrome. Acute, recent deficiencies respond 
better than lesions due to malnutrition of long standing where irreversi- 
ble neural damage may be a factor. Because of the usual multiple de- 
ficiencies associated with such conditions and to prevent relapses, it is 
essential that the patient receive henceforth a diet which is based on a 
high intake of the protective foods. 

In the long run, therapy of any of the neurologic manifestations of 
nutritional deficiencies and prevention of relapses should depend on the 
establishment of an improved dietary regimen for life. Reliance should 
be placed on a balanced diet which supplies liberal amounts of eggs, 
muscle and organ meats, milk and milk products, citrus fruits, tomatoes, 
green and yellow vegetables, and enriched cereals and cereal products. 

Unfortunately, this is more easily said than done, since many patients 
with nutritional deficiencies come from a social and psychologic milieu 
which is not too compatible with an adequate diet. A large proportion 
are chronic alcoholics in whom a major change in dietary habits is 
contingent on reduced alcohol consumption—a goal which is notoriously 
difficult to achieve. Others may be elderly individuals in the early stages 
of personality deterioration, or individuals with marginal mental status 
or social adaptability. In many cases, poverty and ignorance complicate 
the picture further. In the less developed areas of the world, abject poverty 
is a powerful and indisputable factor, which is frequently associated with 
ignorance and prejudice to block the establishment of what is con- 
sidered a nutritionally adequate dietary. 
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Combined System Disease 


Subacute degeneration of the posterior and lateral columns of the 
spinal cord is a common finding in patients with pernicious anemia. 
The condition is characterized by myelin degeneration of the posterior 
and pyramidal tracts followed by sclerosis of the demyelinized axons. 
The peripheral nerves, subcortical areas in the motor region of the brain, 
and nerve plexuses of the gastrointestinal tract may also become involved. 
Paresthesias of the fingers and toes, loss of vibratory and position sense, 
loss of normal reflexes, weakness of the extremities, and mental deteriora- 
tion are progressive symptoms of the condition. Treatment with vitamin 
Bi» (Chap. 33) will arrest the progress of the neurologic involvement 
and will restore functional integrity early in the disorder. Structural dam- 
age of long duration is irreversible. 


Convulsive Disorders 


In the past, idiopathic epilepsy has been treated with various dietary 
restrictions such as abstinence from meat, purines, or chlorides. Experi- 
ence has shown that none of these regimes had any demonstrable effect. 
Later, ketogenic and dehydrating diets were in vogue. 

The essential feature of the ketogenic diet is a food intake which will 
prevent the complete combustion of fat and result in the formation of 
the ketone bodies acetone, acetoacetic acid, and B-hydroxybutyric acid 
(Chaps. 9 and 24). To achieve this a diet is formulated which is very 
high in fat and which contains negligible amounts of carbohydrate; about 
1 gram of protein per kilogram body weight is allowed. The empirical 
usefulness of the diet was once thought to be due to the accumulation 
of the ketone bodies, but appears more likely and specifically the result 
of the attendant progressive dehydration. 

The ketogenic diet is difficult to arrange, very unpalatable, lacks nu- 
tritional balance, and is scarcely justified. This diet is seldom used today 
and has been largely abandoned in favor of more effective drug therapy. 

Severe pyridoxine deficiency may lead to epileptiform convulsions with 
abnormal electroencephalographic findings in infants (Chaps. 11 and 13). 
Pyridoxine occurs in many different foods, and except under very unusual 
circumstances or experimental conditions, signs of pyridoxine deficiency 
are not found. To date, such instances of convulsive seizures have only 
been reported in infants fed synthetic formulas lacking pyridoxine or 
fed an ill-processed proprietary formula in which the vitamin was de- 
stroyed. The parenteral administration of 10 to 20 milligrams of pyridoxine 
followed by 3 milligrams per day by mouth results in prompt recovery. 
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Food and Nutrition in Psychiatric Disorders 


The tie between man’s food and his psyche is a strong one; it dates 
back to early infancy and is conditioned by a wealth of emotional experi- 
ences thereafter. For the infant each feeding experience and each food 
is fraught with reactions of pleasure or pain, satisfaction or frustration, 
acceptance or rejection. The nursing or feeding process is more than 
an alimentary function; it turns into a social and emotional experience 
under the impact of all associated stimuli on the infant’s nervous system, 
especially if the same experience occurs repeatedly. Food may thus be- 
come identified with unconscious meanings which are far removed from 
the original concept. It may become a physical equivalent of love and 
acceptance, and an emotionally deprived individual may express his 
frustration in unconscious, stubborn self-starvation, as is the case in 
psychogenic marasmus in children or in anorexia nervosa in adults, 
Conversely, substitution symbolism may permit the frustrated individual 
to compensate for his feelings of rejection with psychogenic hyperphagia 
which leads to obesity. Anorexia or voraciousness may thus represent 
repudiation or indulgence of love or hate, sexual cravings, or social 
relationships. Compulsive food faddism, bizarre eating habits, periodic 
fasting, and self-imposed starvation may be symbolic expressions of 
defense against nonadmitted aggressive or sexual drives; they are not 
uncommon components in psychoneurotic disorders and hysterical states. 
In such conditions food has acquired substitute meanings which can fre- 
quently be discovered only by psychoanalytic means before the indi- 
vidual can be liberated from their deleterious effect on his nutritional 
status. 

Most psychiatric disorders are the result of long-standing anxiety and 
tension, and the possibility of prolonged malnutrition is ever present. 
The longer the duration of the illness and the more tense the patient, 
the greater is the chance that malnutrition has undermined his physical 
health. In psychiatric cases with acute or chronic malnutrition, the as- 
sumption should always be made that the nutritional deficiency is multiple 
and drug and diet therapy should be formulated accordingly. 

Much of the success of the most carefully formulated diet therapy 
depends on the patient’s emotional reaction to the nutritionist, and the 
latter must at all times be aware of the importance of his personal re- 
lationship with the patient. In the patient’s mind, the nutritionist who 
gives, withholds, or formulates foods is likely to be associated with the 
persons on whom he was dependent in childhood, and the intake and 
even assimilation of the diet may depend on whether the nutritionist can 
avoid creating unpleasant associations. A hurried, disinterested, or 
authoritarian attitude will induce distrust and rebellion in the patient, 
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while permissiveness and friendly encouragement will tend to bring 
forth his cooperation. A negative reaction to the diet and the nutritionist 
can frequently be avoided by a show of genuine personal interest when 
the nutrition history is taken, by visiting the patient at mealtimes, and 
through careful administration of the diet food service to have attractively 
served meals and—what is even more important—friendly service of the 
food by the attendants. 


Anorexia Nervosa 


Subnormal food intake and inanition are frequent occurrences in 
psychoneuroses, psychoses, and addictions. Hypoalimentation to the point 
where it is the predominant symptom and endangers life is characteristic 
of the psychoneurotic disease entity anorexia nervosa. The disorder is 
found predominantly in younger women, who are usually unmarried. 
The condition is characterized by an aversion to food which overrides 
all other considerations. The unconsciously self-imposed starvation is an 
attempt to serve as a solution to unconscious emotional conflicts. Whereas 
some workers consider the syndrome to be a hysterical manifestation, 
others believe that it arises against a schizoid background. Most cases 
develop between puberty and the thirties, and at times marriage may be 
the precipitating factor. The underlying basis for the conflict appears to 
be the patient’s inability to accept a normal adult sex role; unconscious 
fear of oral impregnation and similar symbolic fantasies seem to play 
an important role. 

Salient features are aversion to food, disavowal of hunger, severe and 
progressive inanition with consequent amenorrhea, and a lowered basal 
metabolic rate which reflects the depressant effects of the starvation. 
Despite the patient’s utter frailty (a weight of 70 pounds is not uncom- 
mon), she will frequently continue her accustomed occupation and 
disclaim any disabling effect of her self-imposed starvation. There is no 
aversion to handling foods as such as long as they are intended for con- 
sumption by others. Progression to chronic mental illness occurs in some 
patients, while others, if untreated, may eventually succumb to the effects 
of their cachexia, particularly through the medium of an intercurrent 
infection to which they are able to offer only scant resistance. 


Dietary Regimen 

Treatment consists chiefly of psychotherapy and dietary regulation. 
Psychiatric treatment is essential for any permanent alleviation of the 
condition since the patient must gain insight into the cause of her dis- 


order in order to avoid future relapses. 
Severe cases are so badly debilitated that they can tolerate only small 
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quantities of food, and feeding by polyethylene nasal catheter is neces- 
sary in these instances. Such patients receive hourly feedings of 50 to 
100 cc of skim milk to which multivitamins, minerals, pepsin, pancreatic 
enzymes, and bile salts have been added to aid digestion and assimilation. 
If there is no complaint of gastric distention, glucose, egg yolks, soybean 
or corn oil, wetting agents (polysorbate 80), and additional skim milk 
powder may be added, and the mixture is thoroughly emulsified in a 
blender before administration. Aspiration of any remaining stomach 
contents before each feeding should be done routinely to prevent gastric 
distention. 

If the patient is capable of self-feeding, she is first given a high protein, 
high vitamin diet in small quantities, which contributes no more than 
the caloric intake to which she was accustomed. At intervals of 5 or 
6 days the caloric allotment is increased by 250 to 350 calories, until a 
daily intake of 3200 to 4000 calories is attained. There may be some 
gastric distress after each upgrading of the diet, but the contracted 
stomach adjusts relatively rapidly to the physical burden of a normal 
food intake. Occasionally, the patient’s nutritive state improves to a 
point where she begins to eat spontaneously, without being urged. How- 
ever, in most cases, many months on such a regimen may elapse before 
a satisfactory state of nutrition is attained and ovarian function, menstrual 
activity, and the basal metabolic rate return to normal. Continued psychi- 
atric help may be needed to prevent recurrences. 


Anorexia in Other Emotional Disorders 


Hypoalimentation frequently accompanies a host of other psychiatric 
illnesses and neurotic states and serves to complicate the disease picture 
since the attendant chronic malnutrition adds physiobiologic stress to the 
primary emotional disturbance. Anorexia and self-imposed fasting are 
frequently seen in depressive states, in obsessional neuroses, in senile 
arteriosclerotic psychoses, in some schizophrenic states, and secondary to 
alcoholism and drug addictions. In most cases psychotherapy is needed 
before the patient’s cooperation in following a corrective dietary regimen 
can be obtained. 


Dietary Regimen 


The nutritional rehabilitation of such patients must proceed on an 
individual basis, and no over-all generalization can be made, If malnu- 
trition is advanced, as is frequently the case in patients who have been 
institutionalized for long periods without adequate individualized dietary 
supervision, a dietary program should be followed as outlined above for 
the treatment of severe advanced anorexia nervosa. In the case of non- 
institutionalized, ambulatory psychoneurotic individuals, the dietary re- 
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habilitation takes the form of an adaptable tailor-made program. Empha- 
sis must be placed on the protective foods and the meal plans outlined 
in Chap. 15, but a liberal attitude and permissiveness must be shown by 
a multiplicity of choices and a wide range of menus from which the 
patient may choose. Many psychoneurotic or neurotic persons are po- 
tential food faddists, and it is best not to encourage a neurotic preoccu- 
pation with foods by an emphasis on special food items or restrictive diets, 
nor to turn the dinner table into the arena in which a neurotic struggle 
with authority is fought. 

In the case of the working patient, it is particularly important to stress 
a generous breakfast which supplies one-third of the daily caloric intake 
and which includes eggs, milk, enriched cereal or bread, citrus fruits or 
citrus or tomato juice, in addition to less essential items, and if desired, 
another beverage of choice. Because of the previous nutritional neglect 
and inanition, the daily protein intake should amount to at least 2 grams 
per kilogram body weight, and multivitamin supplementation is needed 
initially. 

The patient should be encouraged to have at least one thick milk 
shake or egg nog each day, which is easily prepared in a blender and 
may compensate for any disorganized eating and snacking throughout 
the day when he is away from home. A nourishing cocktail is readily pre- 
pared by blending milk, skim milk powder, frozen orange juice concen- 
trate, and raw egg yolks (it is preferable not to use raw egg whites too 
consistently because of the biotin-destroying potential of the avidin which 
they contain); to this, sugar and flavoring (vanilla, chocolate, etc.) is 
added and, unless there is a strenuous gustatory objection on the part 
of the patient, dried brewers’ yeast. It is really not important to insist 
on specific measurements for each ingredient, since it is best not to 
surround the preparation of the daily food cocktail with an aura of com- 
pounding a prescription. It suffices to indicate a minimum of 1 cup of 
milk or skim milk, % cup of skim milk powder, two egg yolks, and 2 
tablespoons of orange juice concentrate. The patient can add to this 
liquids and flavoring and sweetening agents to his heart’s content. The 
resulting food cocktail will compensate for a multitude of sins of nu- 
tritional omission committed through forgetfulness or passive neglect 
throughout the day. It is important to emphasize to the patient that this 
snack should not replace any regularly scheduled meals. 


Dietary Considerations in Alcoholism 

Approximately 10 per cent of first admissions to psychiatric wards or 
mental hospitals in the United States belong to the alcoholic group. 
Chronic alcoholics usually do not consume an adequate diet, and the 
characteristic liver damage is caused primarily by dietary neglect rather 
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than by any postulated direct toxicity of the consumed alcohol (Chap. 27). 
The frequently observed deficiency in the B complex vitamins is likewise 
due primarily to inadequate nutrition rather than to any specific dis- 
turbance of intermediate metabolism. Thiamine deficiency is considered 
responsible for the peripheral nerve degeneration and central nervous 
system changes found in long-standing cases of chronic alcoholism (pe- 
ripheral polyneuritis with paresthesias, sensory loss, motor weakness and 
tremors, cord lesions with sphincter dysfunction, leptomeningitis, and 
central nervous system changes with personality changes, hallucinosis, and 
amnesia). The impairment of nutrition may be furthered by the chronic 
gastritis which is not uncommon among alcoholics. 

The therapy of alcoholism has two major aims: (1) cessation or reduc- 
tion of alcohol intake, a notoriously difficult problem akin to the break- 
ing of other addictive habits, be they compulsive overeating or reliance on 
drugs, and (2) nutritional rehabilitation, correction of deficiency states, 
and, if possible, repair of the hepatic and neural damage caused by in- 
adequate nutrition. 

The patient with delirium tremens may be treated by the intra- 
venous administration of 100 cc of 25 per cent glucose solution which 
contains 10 to 25 milligrams of thiamine in order to abort the acute 
attack. Preliminary sedation with paraldehyde is usually necessary. This 
is followed by intravenous feeding with electrolytes, glucose, amino acids, 
and polyvalent water soluble vitamins (particularly thiamine, 10 to 20 
milligrams, niacinamide, 50 to 100 milligrams, and riboflavin, pyridoxine, 
and pantothenic acid) until gastrointestinal function is restored. There- 
after a daily fluid intake of 3,000 cc is instituted, and the patient is given 
15 to 30 milligrams of thiamine by mouth and small quantities of milk, as 
tolerated. This is followed with any quantity of the food cocktail, de- 
scribed in the previous section, which the patient can retain. If the patient 
tolerates food but is too incapacitated or uncooperative, he may have 
to be fed by tube, initially. 

Once the patient has weathered the acute episode, he is given a 
balanced diet rich in protein and the B vitamins—pork, liver, kidney, 
beef, cheese, milk, legumes, and enriched cereals. (This may be sup- 
plemented with one Decavitamin Tablet, U.S.P., per meal.) The protec- 
tive food cocktail (see above) should also be urged on the patient as 
an additional snack, particularly since it serves as a painless vehicle for 
relatively large amounts of high quality proteins which are essential for 
partial rehabilitation of the commonly gravely damaged liver. 


CHAPTER 35 


NUTRITION IN DISEASES 
OF THE SKIN 


The role of diet and nutrition in the causation and treatment of diseases 
of the skin has never been too clearly defined, and even today there is 
little unanimity on the subject. Dermatologists have used a variety of 
special diets and nutritional factors in various combinations and at all 
conceivable dosage levels in the management of skin disorders, especially 
those of elusive etiology. As a result the literature is filled with a tremen- 
dous array of reports which range from enthusiastic announcements con- 
cerning the therapeutic value of vitamins to complete negation of their 
usefulness in treatment of skin disorders. The temptation is great to 
look upon a borderline dermatosis of unknown etiology, especially in the 
older patient, in terms of a nutritional deficiency, preferably a vitamin 
deficiency. On the other hand, in many cases specific therapy is directed 
toward a dermatologic lesion without attention to the nutritional status 
of the patient as a whole, which, though not specifically responsible for 
the disorder, may have a definite bearing on the appearance of frank 
clinical symptomatology. In the treatment of cutaneous diseases, dietary 
therapy or regulation may be effective in a number of ways: (1) It may 
eliminate causative factors, as in the withholding of offending allergens 
from the diet in allergic cutaneous manifestations. (2) It may clear up 
the cutaneous symptoms by its specific effect on the basic underlying 
disease picture, as in the case of diabetic vulvovaginitis. (3) It may im- 
prove the patient’s general nutritional status or correct a specific de- 
ficiency, either one of which may have been responsible for the cutaneous 
condition, such as in nonspecific intertrigo of the obese or the pellagrous 
“wine sores” of the skid-row alcoholic. 

Experimental observations in man and animals have shown that many 
nutritional deficiencies lead to conspicuous cutaneous disorders. How- 
ever, in clinical practice, at least in the United States, it is rare to find dis- 
tinctive cutaneous manifestations which would justify the diagnosis of 
a deficiency in one specific nutritional factor. Multiple deficiencies are 
found more commonly and exhibit a gamut of cutaneous symptoms, in- 
cluding dryness, loss of elasticity, pallor, melanosis, scaling, nonspecific 
eruptions, and changes in the nails and hair. 
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Dermatologic Aspects of Specific Nutritional Factors 


Protein. Protein or amino acid deficiencies may cause the following 
cutaneous symptomatology in man: (1) the pellagra syndrome based on 
deficient tryptophan-niacin supply (Chap. 22), (2) the dermatosis and 
hypopigmentation of kwashiorkor (Chap. 22), and (3) deficient melanin 
formation and eczematoid eruptions in phenylpyruvic oligophrenia (Chap. 
32). Inadequate protein nutrition is reflected in the skin chiefly by nu- 
tritional edema and decreased resistance to infection. 

Vitamin A. In man, vitamin A is essential for maintenance of normal 
cell structure in epithelial surfaces, and conversely, hypovitaminosis A 
is responsible for follicular hyperkeratosis and keratinizing squamous 
metaplasia of mucosal surfaces. In extreme vitamin A deficiency, charac- 
teristic keratotic papules may appear at the site of the hair follicles on 
the extensor surfaces of the extremities and on the shoulders and lower 
abdomen. Dermatoses of milder degree are not infrequent in the United 
States, exhibiting a dry, scaly skin and occasional keratotic plugs at the 
site of hair follicles. Proper diet results in a gradual improvement. Skin 
disorders which are benefited by vitamin A therapy include Darier’s dis- 
ease (keratosis follicularis), pityriasis rubra pilaris, ichthyosis, keratosis 
pilaris, and at times chronic lichen simplex. 

Excessive administration of vitamin A may result in hypervitamino- 
sis A, a syndrome characterized by a scaly, rough, itchy skin, loss of hair, 
painful periostitis and other skeletal disturbances, and anorexia (see also 
Chap. 10). 

A yellowish discoloration of the skin may be caused by an excessive 
intake of the precursor of vitamin A, carotene (from carrots, squash, and 
the like). This condition has only a temporary cosmetic significance; it 
is cured by elimination of the source of excessive carotene from the diet. 
Differential diagnosis from a true icteric condition is made by noting the 
absence of yellow color from the sclerae. 

The B Complex Vitamins. Members of the vitamin B complex are 
generally found associated together in foods, and for this reason de- 
ficiencies in a single vitamin are rarely found in clinical practice. Even 
though the stigmata of what appears to be a single deficiency may pre- 
dominate, undernutrition with regard to several members of the group 
should always be suspected, and therapy should be directed toward sup- 
plying all the factors which may be missing and a totally adequate diet. 

Thiamine. Skin diseases resulting from a vitamin B deficiency have 
not been reported. Severe thiamine deficiency, in the form of beriberi, 
is reflected in the skin only by the manifestation of edema. 

Riboflavin. The skin lesions characteristic for ariboflavinosis are be- 
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lieved to be perleche, or cheilosis, fissuring of the skin in the angles of 
the mouth; seborrheic dermatitis about the nose, forehead, and scrotum; 
and a magenta tongue. In practice, such findings may often be caused by 
other factors and misinterpretation is not uncommon. For instance, in the 
toothless older person malocclusion predisposes to maceration of the 
tissues in the corners of the mouth; this may be followed by a chronic 
infection with a resulting angular stomatitis. 

Niacin. Pellagra, including its cutaneous manifestations, are discussed 
in detail in Chap. 22. 

Pyridoxine. Experimentally induced vitamin B, deficiency in man may 
produce seborrhea-like lesions about the mouth, nose, eyes, and ears 
and general intertrigenous eruptions in skin folds and moist areas. Pyri- 
doxine therapy is specific for this condition. However, it is open to 
question whether patients presenting themselves with such symptoma- 
tology will necessarily benefit by pyridoxine therapy since the underly- 
ing cause may be much less specific. 

Vitamin C. The classic manifestation of ascorbic acid deficiency is 
scurvy. In the skin, scurvy may show secondary changes due to capillary 
fragility such as petechiae, ecchymoses, and purpura, as well as some 
melanosis and follicular hyperkeratosis. Vitamin C is essential for con- 
nective tissue formation and normal wound healing and should be sup- 
plied generously in case of extensive burns and skin injuries. 

Vitamin D. Vitamin D was used at one time as an adjunct in the 
treatment of cutaneous tuberculosis, but its use has become obsolete be- 
cause of the advent of modern antibiotics and chemotherapy for this 
disease. 

Vitamin K. Vitamin K deficiency interferes with normal prothrombin 
synthesis in the liver and may thus be the cause of cutaneous purpura due 
to impaired blood clotting. This deficiency is encountered primarily in 
obstructive jaundice—where supportive vitamin K therapy and corrective 
surgery are indicated—and in hemorrhagic disease of the newborn. 

Apparently, no other single vitamin plays a current, definite role in 
dermatology as replacement therapy. It must be emphasized, however, 
that a generalized improvement of the nutritional status may be valuable 
in the clearing up of skin disorders of dubious etiology when there 
is a reasonable prospect that malnutrition may be involved. 

Unsaturated Fatty Acids. Experimental work with infants indicates that 
the polyunsaturated acids, specifically linoleic and arachidonic acid, are 
essential for normal skin maintenance. Deficiency in these essential fatty 
acids may lead to eczematous dermatitis, and replacement therapy is 
specific. This should be kept in mind, particularly in cases of infantile 
eczema where the patient has been maintained for prolonged periods on 
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a very restricted diet devoid of whole milk or vegetable oils (as is the 
case in elimination diets for multiple allergies ). 


The Dermatologic Aspects of Obesity 


In the United States today, overeating and consequent obesity is prob- 
ably the most frequent cause of skin disorders or of secondary complica- 
tions of existing dermatoses. Dissipation of body heat by radiation and 
conduction is impaired by exaggerated subcutaneous fat deposits; con- 
sequently, obese persons overheat easily and sweat excessively. This 
profuse perspiration has an adverse effect on normal or inflamed skin, 
and excessive sweat retention underlies miliaria rubra (prickly heat). 
Because of the accumulation of heat and moisture between fatty skin 
folds and other intertriginous areas, the skin becomes macerated and 
the growth of potentially pathogenic fungi and bacteria is encouraged. 
Mechanical irritation in the form of chafing further favors intertriginous. 
dermatoses in the obese. Much of the nonspecific intertrigo, pyoderma, 
superficial moniliases, seborrhea, and eczematous dermatitis seen today 
may be laid at the doorstep of obesity. Also not to be discounted is the 
provocative influence of obesity on the emergence of latent diabetes, 
with its cutaneous complications, as well as the not-infrequent aggravating 
influence of obesity on the course of psoriasis. 


Special Diets 


The staphylococcic pyodermas (furunculosis, hidradenitis) are particu- 
larly hard to manage because of the ready emergence of antibiotic-re- 
sistant strains, the survival of the pathogens in foci isolated by scarring, 
and the undesirability of long-continued antibiotic therapy. An empirical 
sharp restriction of carbohydrates in the diet seems to have a salutary 
effect on the course of these skin conditions. It is possible that a lowering 
of the glucose content of the skin occurs, which makes it a less favorable 
substrate for the responsible microorganism. 

Diets very low in fats and carbohydrates have been recommended in 
the treatment of acne vulgaris. Presumably, a high fat and carbohydrate 
intake is reflected in increased sebaceous gland activity, which is a con- 
stant factor in this skin condition. The beneficial effect of such a dietary 
treatment appears open to question, and self-treatment by rigid dietary 
restriction on the part of the self-conscious teen-ager with acne should 
not be encouraged. 

The dietary treatment of allergic skin manifestations is discussed in 
detail in Chap. 38. 


CHAPTER 36 


PRINCIPLES OF PARENTERAL NUTRITION 


Fluid Therapy 


In the last two decades, parenteral fluid therapy has developed into a 
specialized body of knowledge without which modem surgery and 
medicine would be unfeasible. The proper application of parenteral fluid 
therapy and the consequent salvage of human lives is one of the major 
medical advances in our times. Fluid therapy has a variety of uses, the 
most important of which may be characterized as follows: 

1. Prevention and treatment of shock by infusion of fluids which exert 
colloidal osmotic pressure. These fluids compensate for the blood volume 
lost through hemorrhage and replace the fluid which has left the circula- 
tory compartment through increased capillary permeability; they tend to 
maintain the circulating blood volume and to reverse the trend of migra- 
tion of fluid from the plasma to the interstitial spaces. Fluids used for 
this purpose include whole blood, blood plasma, human serum, albumin, 
dextran, and, to a minor extent, polyvinylpyrrolidin (PVP). 

2. Maintenance of normal fluid balance and replacement of abnormal 
losses of water through such routes as vomiting, diarrhea, tubal drainage, 
as well as profuse sweating in pyrexia. Such fluid therapy is also impera- 
tive for its “pump-priming” action in renal depression or renal shutdown 
after excessive losses of extracellular fluid (such as in the dehydration 
of infantile diarrhea or cholera and shock). 

3. Maintenance or restoration of electrolytes—sodium potassium, mag- 
nesium, chloride, phosphate, calcium—to cover normal loss and particu- 
larly abnormal expenditure through the routes mentioned above and 
through renal dysfunction. 

4. Specific therapy to compensate for imbalanced metabolic states, as 
are found in diabetic acidosis or coma, metabolic alkalosis, renal failure, 
and adrenal insufficiency. 

5. Maintenance of nutrition, where the gastrointestinal route is con- 
traindicated, unfeasible, or ineffective and where the need exists for 
immediate, effective provision of the required nutrients to the body tis- 
sues, as in critical states or before and after surgery. 

This chapter deals primarily with the nutritional-balance aspects of 
fluid therapy. A detailed discussion of the physiologic and therapeutic 
ramifications of electrolyte and fluid imbalance (such as the interrelation- 
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ship between specific electrolytes and neuromuscular irritability or the 
effects of hyper- or hypopotassemia on cardiac function ) is largely beyond 
the scope of this book. 


Routes of Administration 


Fluids may be administered by the intramuscular, subcutaneous, or 
intravenous routes. The subcutaneous route is used in hypodermoclysis, 
where large volumes of fluid may be readily injected into the lateral 
aspects of the thighs, flanks, and chest. The addition of hyaluronidase 
facilitates more rapid absorption of the fluid by the tissues and com- 
bats local distention. Only isotonic or nearly isotonic solutions should 
be administered by hypodermoclysis, and this route is not advisable and 
commonly unsuccessful in individuals with cardiac decompensation and 
tissue edema, or with low serum protein levels, and in case of shock. 

The intravenous route is indicated when rapid absorption is desirable, 
when the required volume is too great to be absorbed efficiently from the 
subcutaneous tissues, or when the solution is known to cause tissue irri- 
tation. Reactions to intravenous infusion may be rapid and dangerous, 
and for this reason only standard preparations of known performance 
should be used. Intravenous infusion may place an excessive burden on 
a decompensated heart, and thus in cardiovascular disease fluids must be 
given very slowly, in small quantities, and with frequent observation 
of the patient. 

In cases of long-term intravenous feeding, solutions should be run into 
veins through fine plastic catheters. This will reduce the danger of 
reactive thrombophlebitis and delays the day when the intern or nurse 
“runs out of veins” in which to start an infusion. 

The intramuscular route places a certain limit on the amount of fluid 
that may be injected, though the inclusion of hyaluronidase in the solu- 
tion greatly enhances the volume absorbed by the tissues. The intramuscu- 
lar route is frequently used for the provision of concentrated vitamin 
preparations. 


Replacement of Fluid 


If needed, parenteral water is best given by the intravenous infusion of 
5 per cent glucose (isotonic glucose) or 10 per cent glucose solution. 
Five per cent glucose in physiologic saline and 10 per cent glucose 
solution are hypertonic and may lead to increased thrombophlebitic 
reactions; 10 per cent is the highest percentage of glucose which will be 
moderately well tolerated by veins. 

The rate of intravenous injection should not exceed the body’s ability to 
handle the infused fluid. As a basic rule, a patient who depends on a 
parenteral water intake should receive 2,000 to 3,000 cc of fluid per 
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day, provided kidney action is normal and there are no abnormal losses 
of fluids and electrolytes through vomiting, diarrhea, tubal drainage, 
and excessive sweating. The exact amount is regulated by experience, 
on the basis of the patient's urinary output; a daily production of about 
1,000 cc of urine is the desirable aim. The slow injection of 5 or even 
10 per cent glucose solution in amounts sufficient to cover normal water 
expenditure does not supply more glucose than the patient can metabolize 
and simultaneously affords protection against ketosis and results in pro- 
tein sparing. Glucose infusions, if given over a period exceeding 1 or 2 
days, should be accompanied by parenteral vitamins (see section on 
vitamins, below). 

Isotonic saline should not be used to supply the entire 24-hour fluid 
requirement, since this would provide an excess of sodium. Except during 
the first day of treatment, when specific replacement therapy may be 
indicated, the total fluid mixture given per 24-hour period should not 
contain more than 600 to 1,000 cc (or one-third of the total volume) of 
physiologic saline solution. Ordinarily 5 to 10 per cent glucose and 
isotonic saline are used in a 2:1 ratio to meet fluid requirements. 

The initial infusion of a mixture of 2 parts of 5 per cent glucose and 
1 part of isotonic saline (with or without 5 per cent glucose) serves as 
a pump-priming solution to restore kidney function and urinary flow. 
If urine excretion does not follow such an infusion, severe renal impair- 
ment is indicated which demands careful, specific clinical management. 


Replacement of Electrolytes 


Replacement of part of the glucose solution with isotonic (physiologic ) 
saline in the amounts suggested above supplies the basic requirement for 
the principal ions of extracellular fluids. If the patient is dependent on 
intravenous feeding for a number of days, 500 ce of an infusion contain- 
ing about 4.25 per cent sodium chloride and 3.12 per cent potassium 
chloride should be introduced to the daily quota of glucose infusion, 
instead of the isotonic saline mentioned above, to provide an optimal 
supply of potassium. Balanced solutions of this type, or better yet, of 
the Butler-Talbot-Lowe type (with other added electrolytes and glucose ), 
are commercially available. They contain sodium, potassium, magnesium, 
chloride, phosphate, and lactate in a ratio resembling the proportions of 
these cations and anions in normal plasma; glucose is usually added at 
a rate of 5 to 10 per cent, and these balanced solutions may thus be 
used as basic maintenance solutions. Potassium-containing solutions 
should always be administered very slowly and should not be adminis- 
tered intravenously to a patient with renal depression or shutdown since 
potassium will be retained and will eventually reach cardiotoxic levels. 

In correcting abnormal fluid and electrolyte losses due to concurrent 
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vomiting or tubal drainage, volume for volume replacement is made with 
a solution which resembles the body fluid lost. A number of type-specific, 
ready-made solutions are available for such purposes. Lactated Ringer's 
solution (Hartman’s solution) with or without added glucose may be 
employed as a general-purpose replacement solution. Excessive perspira- 
tion or diarrhea fluid may be replaced with the balanced solutions men- 
tioned in the previous paragraph since their compositions are similar. 
Patients with abnormal body fluid losses receive the appropriate replace- 
ment solutions in addition to their basic quota of balanced fluids which 
are meant for daily maintenance of fluid and electrolytes. 


Intravenous Feeding 


At present it is still difficult to provide a complete intravenous diet, 
primarily because a full caloric complement would be met best by the 
infusion of fat. Though considerable progress has recently been made 
in the preparation of fat emulsions, many of the preparations fall short of 
the ideal in that they induce adverse side reactions in a significant number 
of patients if used over prolonged periods. 

The daily requirement for protein may be met by the infusion of 
protein hydrolyzates and specially compounded amino acid mixtures; 
the equivalent, in the form of a 5 per cent amino acid solution, of 1 gram 
of protein per kilogram of body weight in adults and 2.5 grams for in- 
fants can be met without too much difficulty by a 24-hour infusion 
schedule. The inclusion of a maximal quantity of glucose in the program 
serves to spare the infused amino acids so that they will be used for 
needed tissue protein synthesis and not for energy purposes. 

Ten per cent invert sugar (an equal mixture of fructose and glucose) 
and 10 per cent fructose solution are also available to meet caloric needs. 
The fructose has been advocated for use in diabetics since it presumably 
need not be balanced simultaneously with insulin in order to be metabo- 
lized. 

Human plasma and whole blood should not be used for the intravenous 
feeding of patients with depleted ‘tissue proteins. These fluids are not 
particularly rich sources of assimilable protein; they contain excessive 
amounts of sodium in the quantities in which they would be useful, they 
are extremely expensive, and except for the latest specially processed 
preparations, they carry the danger of infection with the virus of 
homologous serum hepatitis (Chap. 27). 


Vitamins 


In instances where parenteral feeding is used for periods of 1 or 2 
days only (and provided there is no evidence of previous nutritional 
depletion in the patient), there is no need for special vitamin supplemen- 
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tation. However, more prolonged intravenous feeding must be accom- 
panied by parenteral administration of all vitamins in prophylactic 
quantities. Wherever there is evidence of long-continued previous de- 
pletion, the dosage should be from three to five times the recommended 
daily allowances (Table 22), or in case of vitamins not tabulated, three to 
five times the prophylactic daily requirement. 

Vitamin supplementation is essential for two reasons: (1) patients 
who are sick enough to require parenteral maintenance are likely to 
require vitamin supplementation to compensate for existing or currently 
developing deficiencies; and (2) the need for vitamins to metabolize 
nutrients does not cease because of the peculiar route of administration 
of the major food elements. This is particularly important in the case 
of thiamine since the glucose, which is being furnished intravenously, re- 
quires thiamine for proper utilization. Profuse glucose infusion which is 
not accompanied by parenteral thiamine may produce central nervous 
system manifestations of athiaminosis in previously depleted individuals 
(Chaps. 22 and 34). 

Additional facets of parenteral feeding, including parenteral vitamin 
K and ascorbic acid supplementation, are discussed in Chap. 37, Nutrition 
and Diet in Surgery and Surgical Conditions. 


CHAPTER 37 


NUTRITION AND DIET IN 
SURGERY AND SURGICAL CONDITIONS 


Preoperative Nutrition and Surgical Risk 


The state of nutrition of the surgical patient before and after an opera- 
tion has an important bearing on the response during surgery and the 
rate of recovery. Deficiencies in protein, ascorbic acid, and vitamin K are 
particularly disadvantageous, if not hazardous. Hypoproteinemia, not 
uncommon if prolonged illness has preceded the operation, predisposes 
to anemia and poor tissue repair, delays the healing of fractures, reduces 
resistance to infection, and embarrasses cardiac and pulmonary function. 
Prolonged malnutrition may be compounded by liver impairment, which 
makes for further protein deficiency and intolerance to anesthesia. As- 
corbic acid deficiency predisposes to poor wound healing and dehiscence 
of surgical incisions, and vitamin K deficiency makes for hypoprothrombi- 
nemia with an attendant impairment of blood clotting; such a bleeding 
tendency results in an undesirable bloody surgical field. In an effort to 
reduce surgical morbidity and mortality, the surgeon must evaluate the 
patient’s nutritional state prior to surgery and correct preoperatively any 
suspected or existing nutritional deficiencies. Whenever immediate sur- 
gery is indicated, the risk of operating on a malnourished individual with 
doubtful powers of recovery should be weighed carefully against a 
temporary postponement which would permit the building up of the 
patient's nutritional status. 

Replenishing the surgical patient’s nutritional reserves is particularly 
important since the circumstances which lead to operations commonly 
predispose to nutritional depletion. Thus prior to the scheduled surgery 
the patient may have been acutely ill with sufficient anorexia or pain to 
interfere with dietary intake for days and weeks; vomiting, diarrhea, and 
occult or overt bleeding frequently contribute further to the patient's 
depletion. In the presence of trauma, fractures, infection, or after im- 
mobilization of the body (when a patient is bedridden for days prior to 
an operation ), a rapid tissue protein breakdown takes place, as evidenced 
by an increased excretion of nitrogen in the urine. In the case of burns 
there is very considerable external protein loss due to serum seepage, 
in addition to increased catabolism of tissue proteins. 
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In severe illness or injury when extensive amounts of nitrogen are lost 
in the urine, there is usually an associated large-scale excretion of potas- 
sium. Sodium and chloride losses due to vomiting and diarrhea may be 
quite marked, and iron deficiency anemia looms whenever the patient 
has had a significant blood loss. Calcium reserves, essential for prompt 
healing of fractures, may be depleted in elderly patients, if they have 
been bedridden for a long time before surgical (open) reduction of frac- 
tures of the hip are attempted, because prolonged immobilization favors 
disuse demineralization of the skeletal system. 

Extreme overnutrition is also detrimental for the preoperative patient. 
Obesity interferes with surgical exposure, weakens the healing surgical 
incision, predisposes to future disruptions and abdominal herniations, and 
delays postoperative ambulation, thus increasing the risk of ileus and 
pneumonia. Therefore correction of extreme obesity is most desirable be- 
fore elective surgery is scheduled. 


Evaluation of Nutritional Status 


Measurement of the patient’s weight and observation of any weight 
changes is the most practical way of evaluating protein deficiency. In 
most patients, weight loss or underweight per se may be considered indi- 
cation of protein loss or depletion. In such appraisals, the physician must 
guard against misleading weight changes which are caused by abnormal 
retention or excretion of fluids. In the hospitalized patient, fluid input 
and output data permit the appraisal of true body weight changes. 

Total blood volume is another criterion of body weight status and, 
indirectly, protein loss; the volume of whole blood falls 50 to 100 cc for 
each pound of true body weight which is lost. 

Clinically recognizable signs and symptoms of vitamin deficiency 
should be looked for but will seldom be found. Indications of subclini- 
cal deficiencies may, however, be obtained by taking a careful and de- 
tailed dietary history. Prothrombin time determinations should be done 
routinely to detect hypoprothrombinemia, which may be the result of 
vitamin K deficiency or defective liver function. 

Blood chloride determinations are necessary to detect chloride de- 
pletion in patients with kidney damage and those with a history of 
extensive vomiting or diarrhea. Potassium deficiency may be expected in 
patients who did not have oral or tube feedings for 4 to 7 days prior 
to surgery and did not receive corrective parenteral potassium replace- 
ment. 

Iron deficiency anemia must be expected in patients with long-stand- 
ing peptic ulcers, metromenorrhagia, hemorrhoids, or gastrointestinal 
malignancies; a history of biliary obstruction should alert the surgeon 


346 NUTRITION IN DISEASE 


to the possibility of deficiency in the fat soluble vitamins, particularly 
vitamin K. 


Preoperative Correction of Deficiencies 


Whenever possible, the undernourished preoperative patient should 
receive a high protein, high calorie diet, supplemented by multivitamin 
preparations of therapeutic strength. Oral intake should be encouraged but 
not forced. Weight should be taken every day, and actual food intake 
and fluid intake and output should be recorded in an effort to distinguish 
between a true weight gain and fluid retention. When necessary, tube 
feedings using small polyethylene or polyvinyl tubes should be given, 
with emphasis on a high protein intake (Chap. 23). 

Small doses of testosterone may be administered to encourage a posi- 
tive nitrogen balance, and if fat absorption is limited by pancreatic or 
liver disease, pancreatin or wetting agents like polysorbate 80 are use- 
ful. 

When circumstances such as complete obstruction, inability to retain 
food, or severe injury or burn make intravenous feeding necessary, a 
supreme effort must be made to supply a maximum of amino acids and of 
glucose. Mixtures containing 50 grams of protein-equivalent and 200 
grams of glucose per 1,300 cc of fluid may be prepared by adding 300 cc 
of 50 per cent glucose solution to 1,000 cc of a 5 per cent protein hy- 
drolyzate solution which also contains 5 per cent glucose. Up to 3,900 ce 
of such a mixture may be infused continuously over a 24-hour period, 
thus supplying 150 grams of protein and 3000 calories per day. Serum 
electrolyte determinations will indicate the extent to which sodium 
chloride and potassium must be furnished. Parenteral vitamin supplemen- 
tation in therapeutic dosages may be advisable, with particular emphasis 
on vitamin K and ascorbic acid. (See Chap. 36 for the quantitative as- 
pects of parenteral feeding. ) 


Preoperative Dietary Routine 


Ordinarily, food is forbidden after 6 p.m. on the evening preceding the 
scheduled surgery and oral fluids are not given after midnight, if the 
patient is to have general anesthesia or major surgery with spinal anes- 
thesia. This is done to assure an empty stomach and to forestall the 
dangerous possibility of vomiting and aspiration of the vomitus either 
under anesthesia during surgery or during recovery from anesthesia. Food 
in the gastrointestinal tract also increases the likelihood of retention and 
dilation during postoperative ileus. 

When surgery of the intestinal tract is involved, the preoperative fast 
is usually begun at noon of the preceding day in an effort to obtain an 
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empty upper bowel, and a preoperative cleansing enema serves to empty 
the colon. In case of intestinal obstruction, all proximal intestinal con- 
tents are removed by suction tube. 

To forestall a last-minute depletion before surgery, patients subject 
to a prolonged preoperative fast should receive parenteral feedings for 
as long as practical. This is particularly important to avoid fluid deficits; 
any possible acidosis or alkalosis must also be corrected at this point by 
appropriate fluid therapy. 


Postoperative Feeding 


Blood loss during the operation and postoperative blood pressure are 
the criteria for any blood or plasma requirements. Patients in a poor 
nutritional state and those with extensive burns or traumatic wounds, 
intestinal obstruction, and suspected intermittent internal blood loss may 
require significant quantities of whole blood or plasma postoperatively. 

Five per cent glucose solution is ordinarily infused intravenously dur- 
ing and after major surgery. Two to three liters should be given during 
the first 24 hours, provided there is no cardiac decompensation which 
contraindicates this volume of fluid. Following major trauma or surgery 
there is usually a depression in urinary output; for this reason the patient 
should not receive intravenous saline for the first 48 hours after surgery 
since it may lead to sodium retention with a consequent increase in 
tissue fluid. A reduced urinary output of 500 to 750 cc is to be expected 
during the first 48 hours; thereafter, enough intravenous or oral (where 
surgery did not involve the gastrointestinal tract) fluids should be ad- 
ministered to obtain a daily urinary output of about 1,000 cc. 

Patients who have postoperative fluid loss through drainage tubes, 
suction, or diarrhea should receive specific replacements as outlined in 
Chap. 36. Particular attention must be paid to restoration of potassium 
losses by intravenous infusion. Blood potassium determinations will indi- 
cate the need for supplementation. The potassium may be furnished as 
part of the balanced replacement infusion, or if the potassium deficit is 
significant and the serum level drops below 12 milligrams per 100 cc, 
potassium chloride may be administered by a slow infusion of a 0.2 to 
0.25 per cent solution. Potassium should not be infused when urinary 
output is subnormal since cardiotoxic blood levels may be reached. In 
case of doubt, electrocardiographic readings should be used to rule out 
the danger of hyperpotassemia. 

If the time table for provision of food in the postoperative period were 
based on the strength and healing of gastrointestinal surgical wounds, the 
oral intake of nutrients would have to be delayed until well into con- 
valescence to about the ninth to twelfth day. As it is, in most cases 
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resumption of oral feedings is based on the return of gastrointestinal 
function. For the first 24 to 48 hours after abdominal surgery, gastro- 
intestinal motility and secretion are usually inhibited. Afterward there 
is a gradual return of motility and normal gastrointestinal secretory ac- 
tivity. The gastrointestinal tract is ready to accept food again when the 
renewed gastrointestinal activity manifests itself by audible peristalsis, 
when the abdomen is soft and flat, and when there is free passage of 
fecal matter, mucus, or gas from the rectum. At this point about one 
ounce of water may be given every hour by mouth; this amount is gradu- 
ally increased, as tolerated, until 6- to 8-ounce quantities are retained. 
Semiconscious or stuporous patients should not receive anything by 
mouth until the danger of aspiration of vomitus has passed. 

Once the patient retains fluids, a clear liquid diet may be given (Chap. 
23). Though this diet is inadequate in practically all essential nutrients, 
it fulfills the fluid requirements and contributes some calories, sodium, 
and potassium. 

This is followed by a full liquid diet (Chap. 23). The nature of the 
operation and clinical judgment of the attending physician will determine 
the time at which this diet is instituted; the sooner this is done, the 
greater is the chance of reversing the negative nitrogen balance which 
almost invariably follows surgery. Patients who have adequate reserves 
are not harmed by one or two days of postoperative abstinence from 
adequate food intake; however, fasting a traumatized patient who may 
have been depleted before his operation is hardly beneficial. A full liquid 
diet, high in proteins and calories, is instrumental in reversing tissue 
protein catabolism and serves to prevent ketosis, which is inimical to 
prompt wound healing. If postoperative abstinence from oral foods is 
enforced for prolonged periods (as may be the case after peritonitis and 
major intestinal surgery), the patient, after first experiencing a strong 
appetite and later intense hunger sensations, may eventually develop an 
indifference and even repugnance to foods. Later, once oral foods are 
permitted, it may require days until the subject overcomes the feeling of 
weakness and depression which result from his enforced starvation and 
recovers a normal appetite. 

If the patient tolerates the full liquid diet and improvement is noted, 
a soft diet is introduced (Chap. 23), which is followed in time by a full 
general diet. Tissue repair and attainment of physiologic equilibrium will 
be aided by a balanced diet which provides a generous supply of protein 
and liberal intake of calories. To that end it is important that the patient 
be urged to consume all the food ordered for him and that a record of 
actual intake be kept; if he displays a desultory appetite and much of 
the food remains on his tray, the food cocktails mentioned in Chaps, 23 
and 34 should be given between meals and at bedtime. 
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Dietary Regimen after Gastric Surgery 


Full intravenous feeding must be used for the first day or two if suction 
drainage is maintained. Once the adynamic ileus has passed and intestinal 
function is manifested by physical signs, 2-ounce portions of water, and 
later clear liquids, may be given through the stomach tube which is 
already in place. If there is no ill effect or distention, this is gradually 
followed by multiple small portions of a tubal liquid diet given 2 hours 
apart. Any remaining residue must be aspirated and feedings spaced 
further apart; small oral feedings of a full liquid diet are next. By the 
end of 4 days most patients have taken a full liquid diet by mouth in 
small multiple feedings and are ready for six feedings per day of a soft, 
bland diet (Chaps. 23 and 25). The size of the feedings is adjusted to 
the patient’s tolerance and is increased gradually. Multiple vitamin sup- 
plementation should be routine during the period of convalescence. 

The surgeon’s clinical judgment will determine when the patient is 
ready for regular feedings of a bland diet; the surgeon will also decide 
how long this diet is to be followed after dismissal from the hospital. 


_ Dietary Regimen after Colostomy, Ileostomy, or Intestinal Resection 


Full intravenous feeding is usually essential for the first 4 to 7 days, 
during which it is desirable to permit undisturbed healing of the anasto- 
moses. Suction is maintained to avoid any distention during this period. 
Once intestinal function is restored, 2-ounce portions of water are given 
by tube, two hours apart. This is followed by a clear liquid diet, given 
for 1 day. It is essential to avoid any traumatization of the intestine 
with solid food residues; consequently, the patient receives a minimal 
residue diet (see below) for the next 3 days of his convalescence. During 
the next 4 days this diet is modified to a low residue diet (Chap. 25), and 
eventually, and very cautiously, to a bland diet. Multiple vitamin supple- 
mentation is routine during convalescence. The attending surgeon will 
determine the nature of the patient’s diet during his last days in the 
hospital and the desirable diet after dismissal. The detailed meal plan- 
ning, in accordance with the prescribed diet, should be worked out with 
the hospital dietitian. 


Dietary Regimen in Surgery of the Lower Intestine 


In order to minimize intestinal contents before surgery and to avoid 
stools during the first postoperative days, the patient is placed on a mini- 
mum residue diet (see below) for several days before the operation and 
during his convalescence thereafter. Intravenous feeding is not customary 
after elective rectal or anal surgery. Immediately after the operation, the 
minimum residue diet is quantitatively restricted to half portions for a 
period of 4 days, to reduce fecal accumulations. Passage of stools is also 
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prevented by suitable medication with opium, which immobilizes the 


intestine. 


The Minimum Residue Diet 


The principles of minimum and low residue diets are discussed in 
Chap. 25. The following is.an elaboration with emphasis on minimal 


residues. 


Permissible foods 


Decaffeinated coffee, soft drinks 

Precooked infant cereals, cooked refined 
cereals free of all bran 

Toasted, enriched white bread, 
crackers 

Well-trimmed tender meat, fish, and fowl, 
broiled, baked, or boiled; hard-cooked 
eggs, cottage cheese 

Vegetable oils, margarine (in moderation 
only) 

Boiled noodles, spaghetti, macaroni, white 
rice 

Clear or strained fruit juices 


soda 


Consommé, clear skimmed broths 

Light cakes, cookies, jello, sherbets, all 
without nuts or fruit 

Sugar, jelly, honey, sirups, sugar candy 


Foods excluded 


Milk, milk drinks 
Any other cereals 


Breads, crackers, or rolls made with whole- 
grain flour or bran 
All other meats, eggs, or cheese 


All other fats 
Potatoes in any form 


All fruits 

All vegetables 

All other soups 

Rich pastries, pie, whipped cream, ice 
cream, custard 

All candy containing nuts or fruit; marma- 
lade, jam 


Sample Menu 


(Contains approximately 85 Gm of protein, 55 Gm of fat, 240 Gm of 
carbohydrate, and 1800 Cal. Serve only the listed fluids with each meal. 
Additional fluids are permissible between meals. ) 


BREAKFAST: 


Precooked, enriched infant rice cereal, with sirup (% cup) 


2 hard-cooked eggs 

1 slice white toast, jelly 

1 pat margarine 
Decaffeinated coffee, sugar 
MIDMORNING: 

Strained orange juice (% cup) 
LUNCH: 


Broiled fish filet, lemon (4 oz) 
Boiled rice (% cup) 
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1 pat margarine 

1 slice white toast, jelly 
Fruit-flavored jello (% cup) 
Decaffeinated coffee, sugar 


MIDAFTERNOON: 
Sweet apple cider (% cup) 


DINNER: 

Broiled liver (4 oz) 
Noodles (% cup) 

1 pat margarine 

1 slice white toast, jelly 
Cottage cheese (3 oz) 
Sherbet (% cup) 

Tea, sugar 


BEDTIME SNACK: 
Grape juice 
Vanilla wafers 


Nutrition and Wound Healing in Trauma 


After extensive traumatic damage to any region of the body, increased 
tissue protein catabolism and release of intracellular potassium into the 
circulation may be expected. Attendant shock or near shock will be ac- 
companied by renal suppression; this may result in increased nitrogen 
and potassium blood levels until urinary excretion becomes normal. 
Blood or plasma transfusions are necessary to abate the state of shock 
and counteract any tissue edema which is inimical to optimal wound 
healing. 

Tissue repair is a complex process which involves intense histologic and 
biochemical activity. Under ideal conditions (as in the case of surgical 
incisions ), the wound is clean, relatively free of pathogenic organisms, 
and contains little traumatized or dead tissue. The wound surfaces are 
separated by a fibrin clot interspersed with red blood cells. Wandering 
mesenchymal connective tissue cells migrate toward the fibrin strands 
which organize in the blood clot and an intracellular ground matrix of 
mucopolysaccharides and collagen is laid down. As the fibroblasts 
mature, capillaries invade the area and solidifying collagen strands 
strengthen the new tissue. Vascularity is essential for an adequate supply 
of nutrients and humoral antiinfective action and promotes rapid heal- 
ing. 

Nutritional considerations in wound healing revolve primarily around 
the patient's blood protein levels and his supply of ascorbic acid and 
vitamin K. Hypoproteinemia is detrimental to wound healing for two 
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reasons: (1) it results in edema, which tends to separate the wound 
edges and delays fibroplasia; and (2) it results in a relative local lack 
of amino acids. A high protein diet is indicated during the recovery from 
traumatic injury, and elective surgery—a foreseeable injury—should be 
preceded by a prophylactic high protein regimen. 

Vitamin C is essential for the laying down of intercellular matrix and 
maturation of collagen and encourages prompt fibroplasia and capillary 
invasion of the tissue defect; a deficiency in this vitamin has a serious 
inhibitory effect on wound healing. Prophylactic oral or parenteral ad- 
ministration of ascorbic acid before elective surgery and during recovery 
from traumatic injury is thus indicated to assure prompt and optimal 
healing. One to two hundred milligrams daily suffices in well-nourished 
individuals; where malnutrition is suspected, 500 or more milligrams daily 
will soon produce tissue saturation. 

Vitamin K deficiency may lower the blood prothrombin level to the 
point where blood clotting is impaired. In such instances, blood which 
slowly extravasates from the capillaries surrounding the wound tends to 
separate the wound surfaces excessively and interferes with optimal 
healing. Ordinarily the possibility of vitamin K deficiency is slight; how- 
ever, when jaundice is present or liver damage is suspected—circum- 
stances which make for impaired intestinal vitamin K absorption and 
prothrombin formation—prophylactic, parental vitamin K administration 
is indicated. 

Among other vitamins, pyridoxine and pantothenic acid seem to play 
specific roles in antibody formation and foreign body response and thus 
indirectly to promote prompt healing through suppression of infection. 

A positive calcium balance should be maintained during convalescence 
after fractures in order to make calcium readily available for callus 
formation and to avoid partial demineralization of existing skeletal struc- 
tures for this purpose. Simultaneously, adequate vitamin D must ensure 
intestinal uptake of the dietary calcium. 

In summary, a well-balanced diet, rich in protein and high in vitamin 
C, which supplies all essential nutrients, is a basic requirement for 
prompt recovery from traumatic injury; in selected cases multivitamin 
supplementation should be part of the regimen. 


Nutrition after Burns and Radiation Injury 


The first characteristic local manifestations of a burn are due to 
distention of capillaries and increased capillary permeability. Plasma 
fluid rapidly collects in the affected tissues and produces edema under 
the overlying epidermis. Where the burn was extensive enough to damage 
subcutaneous tissues, the epidermis sloughs off rapidly and large amounts 
of fluid are liberated from the tissues and ooze from the burned area. 
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This fluid contains all the soluble constituents of blood plasma at a 
similar concentration as well as plasma proteins at a somewhat lower 
concentration (at about 60 per cent of normal plasma levels). 

The pain of the injury may result in neurogenic vascular shock and 
collapse, depending on the severity of the injury. Secondary shock due to 
loss of plasma proteins is bound to develop gradually in deep and ex- 
tensive burns, as the fluid which exudes continuously from the burned area 
depletes the circulating serum proteins. Fluid which is no longer held in 
the circulatory compartment by the colloidal osmotic pressure of the 
serum proteins migrates into the tissues, the circulating blood volume 
becomes inadequate, and the erythrocyte/fluid ratio increases to the 
point where the blood flows less easily through the capillary bed. 

When more than 10 to 15 per cent of the body surface is involved in 
the burn, systemic therapy directed against shock and plasma protein 
loss becomes more important than local treatment of the wound proper, 
and parenteral support and replacement become crucial. Experience has 
shown that during the first 24 hours the patient should receive 1 cc of 
whole blood and/or plasma and 1 cc of replacement electrolyte solution 
per kilogram of body weight for every per cent of body surface which 
was burned. Lactated Ringer’s solution (Hartman’s solution) is a suit- 
able electrolyte replacement fluid; in its absence, isotonic saline may be 
used but is less efficacious. (According to recent studies the oral adminis- 
tration of saline is beneficial in combating burn shock. In view of this, 
the oral fluid mentioned in the next paragraph should preferably contain 
some isotonic saline or clear consommé. ) 

In addition to the parenteral support, the patient should receive 2,000 
to 2,500 cc of oral fluid in the form of a clear liquid diet (Chap. 23) in 
order to prevent renal shutdown; if the patient cannot retain oral fluids, 
a similar quantity of 5 per cent glucose solution is administered intra- 
venously during the first 24 hours. In view of the primary parenteral 
support already mentioned, such an intravenous regimen may exceed 
the patient’s ability to handle this amount of fluid and he must be 
watched carefully for clinical signs of circulatory overload. 

During the second day the infusion of blood (or plasma) and electro- 
lyte replacement solution is decreased to 50 per cent of the first-day level. 
Again, 2 to 2% liters of fluid is administered by tube or mouth in the 
form of juices, sugar water, or tea, and 500 to 1,000 milligrams of vitamin 
C is given orally in addition to complete multivitamin supplementation 
(with emphasis on the B complex) in therapeutic doses. A high protein 
diet may be started by tube, in multiple small feedings (Chap. 23). 

By the third day, the patient may tolerate a full liquid diet; emphasis 
must be put on a high protein intake (2 to 24% grams per kilogram of 
body weight) to replace the extensive protein loss through the exudate 
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at the site of the burn. Vitamin C supplementation must be continued to 
counteract the lowering of serum ascorbic acid values which usually ac- 
companies major burns and to promote wound healing. The principles 
discussed in the previous section which pertain to the healing of traumatic 
wounds also hold true in the case of burns and should guide the nu- 
tritional management of the patient throughout the rest of his convales- 
cence. 

To date no specific forms of nutritional management have been gener- 
ally agreed upon as suitable in the case of acute radiation injury. A high 
calorie diet and vitamin supplementation have been recommended on 
a more or less empirical basis. Some clinicians advocate the use of 
pyridoxine (100 milligrams daily, by mouth, in divided doses). If the 
patient is acutely ill, parenteral feeding is indicated and the management 
becomes that of a thermal burn. 


CHAPTER 38 
FOOD ALLERGY 


Allergy 


Allergy may be defined as an acquired, fixed alteration in the reaction 
of living tissues to exposure to specific substances which are innocuous 
to the majority of members of the same species under identical circum- 
stances and in similar quantities. The offending substance, the allergen, 
must be capable of stimulating the production of specific antibodies in 
the body of the susceptible individual. Once such initial sensitization has 
taken place, subsequent exposures to the allergen will result in the inter- 
action of the allergen with the specific antibodies present in the general 
circulation or in fixed tissues. This interaction produces the abnormal 
manifestations. It is believed that much of the allergic symptomatology 
may be explained on the basis of the release of histamine or a histamine- 
like substance by the sensitized cell and the reaction of the surrounding 
capillaries and tissues to this substance. Most allergens are protein in 
nature; however, nonprotein allergens also exist, and even physical 
agents like sunlight and cold are known to precipitate allergic reactions. 
The predisposition to allergic sensitization is familial; it is estimated that 
about 9 per cent of the population carry an inherited predisposition to 
allergic sensitization. Many of these individuals become sensitized to 
one or more allergens in infancy or childhood; others become sensitized 
later in life, while some individuals with the inherited potential never 
acquire a frank clinical allergy. 

Clinical manifestations of allergy include bronchial asthma, hay fever, 
perennial rhinitis, hives, angioneurotic edema, gastrointestinal symptoms, 
headaches, dermatitides, and others. The route of exposure varies, and the 
allergen may trigger a reaction after contact, ingestion, inhalation, or 
injection. The allergic response may be immediate or may be delayed 
for hours or even days. The response to a specific allergen need not be 
identical in different individuals. Whereas one allergic patient may react 
to the ingestion of certain fish proteins or inhalation of horse dandruff with 
a mild eczematoid dermatitis, another sensitized individual may react 
with violent paroxysms of vomiting or with a delayed migraine attack. 
However, the reaction of each individual to a given allergen is usually 
specific and characteristic. 
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Food Allergy 


Food allergy connotes the ability to react to the ingestion of specific 
food antigens. Allergic reaction to specific foods may manifest itself in 
the form of allergic rhinitis, bronchial asthma, urticaria, angioneurotic 
edema, dermatitis, pruritis, headache, allergic labyrinthitis and conjuncti- 
vitis, nausea, vomiting, diarrhea, pylorospasm, colic, spastic constipa- 
tion, mucous colitis, perianal eczema and pruritis, and rarely, in the form 
of generalized systemic reactions with circulatory collapse, shock and 
even death. 

The incidence of food allergy depends to a great extent on age. In 
infants and young children, food allergy is not uncommon but a tendency 
toward gradual, spontaneous disappearance or amelioration of the con- 
dition is noticeable in many individuals after the sixth year. Nevertheless, 
there is a higher incidence of food allergy in adults than in children, 
though in many cases it is not as readily diagnosed. 

Food allergens are predominantly protein in nature. Any major altera- 
tion in the molecular structure usually results in loss of allergenic poten- 
tial. Thus digestion, with the attendant splitting of the molecules into 
peptides and amino acids, renders the protein nonallergenic, depending 
on the extent of hydrolytic degradation. Denaturation of many proteins 
also results in loss of their allergenic potential because of the attendant 
molecular rearrangement. Thus raw or pasteurized milk may give rise 
to allergic reactions in a person hypersensitive to the lactoglobulins or 
lactalbumins which it contains, while thoroughly boiled milk (or evapo- 
rated milk), its offending proteins denatured, may be consumed by the 
same individual without untoward reactions. 

In very rare instances the original sensitization may have taken place 
in utero after some antigenic material managed to pass the placental 
barrier. It is assumed that ordinarily the offending allergen produces the 
original sensitization of the individual after it has been ingested and 
after small quantities of the nondigested material have passed intact 
through the mucosal barrier into the blood stream. There is sufficient 
evidence to show that the gastrointestinal tract of the newborn is rela- 
tively permeable to small amounts of undigested, unaltered food com- 
ponents and remains so for the first 3 to 6 months. 

Although many foods may be implicated in allergy, the most common 
offenders are wheat, milk, eggs, fish (or sea foods ), chocolate, corn, nuts, 
strawberries, chicken, and pork. The complete list of food allergens is 
larger and includes, among others, oatmeal, rye and other grains, cotton- 
seed, the legumes, tomatoes, potatoes, beef, mustard, cucumbers, garlic, 
citrus fruits, and even human milk. 

Foods which are rarely if ever proved allergenic include rice, lamb, 
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gelatin, peaches, pears, carrots, lettuce, artichokes, sesame oil, and 


apples. 
Diagnosis 


A diagnosis of food allergy may be established with the aid of a de- 
tailed food history, food diaries, elimination diets, or cutaneous tests. 
Intracutaneous injection and scratch or patch tests are not as useful 
in the detection of food allergies as they are in the diagnosis of allergies 
due to specific contactants or inhalants; frequently, an allergen which 
regularly triggers an allergic reaction on ingestion will not give a 
positive reaction by skin test. In such cases one may have encountered 
a specificity of target tissues, or equally plausible, the extract used in the 
intracutaneous or scarification test has been rendered ineffective by the 
chemical or physical processes involved in its preparation or sterilization. 
(Irreversible denaturation may take place during heating or extracting 
with nonaqueous organic solvents.) Scratch and patch tests will fre- 
quently reveal skin sensitivity to so many different substances that the 
tests are of little help in selecting the specific food(s) or food constitu- 
ent(s) responsible for the patient’s symptoms. 

A careful diet history is often very helpful in establishing a tentative 
diagnosis and in pinpointing the offending food. Questions should be so 
designed as to elicit from the patient any effects of the ingestion of the 
food commonly implicated in his allergies and any observations made by 
the patient with respect to parallel periodicity pertaining to certain foods 
and untoward symptoms. Often the patient’s food dislikes turn out to be 
protective devices arrived at by unconscious trial and error. Thus an in- 
tense aversion to cow’s milk on the part of a young child with symptoma- 
tology which could be of allergic origin should alert the interviewer to 
the possibility of a specific hypersensitivity. 

Food allergies often remain unrecognized unless a detailed food diary 
is kept by the patient. In it the subject lists all food items eaten at any 
time for several weeks (and the ingredients of mixed dishes consumed ) 
and notes any undesirable reaction. This permits an eventual correlation 
of repeated symptoms with the repeated ingestion of suspect foods. Such 
foods are then excluded from the diet, and their allergenicity is subse- 
quently proved or disproved by dietary “on-and-off” experimentation. 

The most concrete diagnostic tools are elimination diets. These are 
best used after a careful history has been taken and after a preliminary 


food diary has yielded helpful background data. 


Elimination Diets 


Elimination diets are used when symptoms occur so frequently that 
allergy to a commonly eaten food may be justifiably suspected, The 
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patient is given a sharply restricted list of foods consisting of a few items 
which are ordinarily not implicated in excitation of allergic reactions. 
He is limited to this narrow choice of foods for a period of one or two 
weeks and told to record any unusual symptomatology. If during this 
preliminary trial the patient’s habitual symptoms ( gastrointestinal dis- 
turbances, headaches, and the like) do not clear up or become intensified, 
it is assumed that the offending allergen is one of the foods in the basic 
diet list; at this point a new basic diet list is given which does not include 
most of the foods originally permitted. If, however, the patient is relieved 
of his symptoms after consuming the sharply restricted basic diet during 
the trial period, the assumption is made that the foods to which he reacts 
are not present in his diet. New foods are now added to the trial diet, 
one at a time, at 4-day intervals. If these do not precipitate untoward 
reactions, they are cleared of further suspicion. If symptoms return, the 
food most recently added to the diet falls under suspicion. It is therefore 
again excluded, and when subsequently the symptoms remit, this con- 
stitutes tentative evidence that the particular food is specifically involved 
in excitation of the allergic symptomatology. This tentative evidence is 
now confirmed or discarded by a repeated inclusion and exclusion of 
the suspected food at 3- to 4-day intervals. The diagnosis is confirmed 
if symptoms consistently develop after the particular food has been 
admitted to the permissible diet for one to three feedings and if they 
consistently remit after exclusion of the offending food substance from 
the diet. 


Trial Diet in Suspected Food Allergy 


This trial diet includes only foods known to be hypoallergenic. Foods 
or fluids not specified in the starting diet are not permitted. Since the 
exact composition of the diet must be known at all times, the consumption 
of meals prepared in restaurants or by persons not familiar with the 
patient’s problem is contraindicated. If no allergic reactions occur after 
the patient has followed this diet for 15 days, other foods, as ordered 
by the physician, are added singly at intervals of 4 days. If symptoms 
persist, the diet may be restricted initially to 2,000 or 3,000 cc of whole 
milk per day. If the patient subsequently remains asymptomatic, the food 
items listed for the basic trial diet are introduced singly at 4-day inter- 
vals and the offending substance is eliminated once it has been pinpointed 
by resumption of symptoms. Thereafter, other foods are gradually added 
to the permissible list. 


Permissible Foods in the Basic Trial Diet: 


Cooked rice and pure rice cereal and rice biscuits which do not contain 
other admixed cereals 
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Peaches or pears ( only canned, cooked, or frozen at first; later the fresh 
fruit may be included ) 

Lamb (without the addition of other fats or flour for gravies ) 

Carrots 

Gelatin desserts made from pure gelatin and the permissible fruits 

Water, salt, sugar, and jams or jellies made from the permissible fruits 


Such a diet will not meet the patient’s vitamin requirements, and 
supplementation becomes desirable if this highly restricted regimen is 
continued for several weeks. Since allergy may exist to one or more 
ingredients of the pharmaceutical vitamin preparations, supplementation 
must be deferred until therapeutic response to the basic diet has been 
obtained. The subsequent addition of vitamins must be treated like 
the addition of any other new food items, and the patient should be on 
the lookout for any possible reactions. 

Early additions to the basic diet include: 


Lemons and lemonade Prunes 

Tea Peas 

Coffee Asparagus 

Lettuce Rye (Caution: ordinary rye bread 
Artichokes contains wheat ) 

Olive oil Chicken 

Squash Potatoes 

Tapioca puddings Tomatoes 

Apples Beef 

Apricots 


Other additions are made gradually until a normal food choice is 
again possible, with exception of the specific few food items which 
excited an allergic response. 


Simple Elimination Diets 


If a carefully taken diet history and a dependable food diary have 
strongly pinpointed the offending allergens, the physician may wish 
to spare his patient the stringent dietary restriction which is entailed in 
the severe trial diet described in the previous section. In such cases he 
may place the patient on a standard specific elimination diet, which is 
a general diet from which a specific food or food group notorious as an 
allergenic excitant has been excluded. For example, the patient will 
exclude from his diet during a 4-week period all wheat or wheat deriva- 
tives if a diet history and food diary appear to strongly implicate wheat 
as the allergenic offender. Other foods or food groups commonly elimi- 
nated are sea foods, milk, eggs, nuts, and chocolate. 
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Few patients find abstinence from such food items for a limited time 
objectionable. Patients on elimination diets must be warned against 
products which may contain a banned item in disguised form. Com- 
mercially processed or packaged food items often harbor a specific 
allergen when this is not expected, and the patient must acquire the 
habit of cautiously examining the list of ingredients on all labels and 
packages. Once the subject has become asymptomatic, the diet is con- 
tinued and specific banned items, which may contain the basic aller- 
gen in semidenatured or otherwise altered and nonreactive form, are 
cautiously reintroduced in monthly intervals. In such a fashion it is 
possible to narrow down the list of prohibited food items considerably. 
For instance, the allergic individual may react to pasteurized milk or 
cream but may find that he can consume boiled or evaporated milk 
without dire consequences. 


Permanent Treatment of Food Allergy 


Exclusion of the offending allergen from the dietary is the only effective 
specific treatment. Parenteral desensitization does not usually warrant the 
effort because of the overwhelmingly frequent lack of success. Oral 
desensitization, through complete elimination of the excitant, followed 
by cautious reintroduction in gradually increasing quantities, has _ its 
advocates but is rarely effective. Abstinence from the allergen in its 
active forms is the most effective treatment, and the previously mentioned 
habit of reading food labels and anticipating offending ingredients 
in prepared foods must thus become second nature. Hypersensitivity to 
an allergen may decrease or even disappear spontaneously as the patient 
grows older, and therefore cautious trials at reinclusion should be made 
from time to time. This is particularly important in the case of infants 
and children, where food allergies frequently do not persist past the 
sixth year or past adolescence. 


Nutrition in Infant Allergies 


The nutritional state of infants with food allergies is likely to be poor 
for a variety of reasons. The offending foods may be rejected by the 
infant or young child since he appears to be aware of the consequences 
which usually ensue, or the implicated foods may have been excluded 
from the diet on the physician’s advice. If the offending food contains 
essential nutrients which are traditionally supplied by it alone, for in- 
stance, calcium in the case of milk, then the food allergy may have a 
far-reaching deleterious effect on the patient’s nutritional state and his 
growth and development. The interference with adequate nutrition may be 
less specific, though just as extensive, when the symptomatology is such 
as to limit the infant’s general appetite, as is the case in recurrent allergic 
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rhinitis with nasal obstruction. In other cases, gastrointestinal allergic 
reactions, such as edema of the intestinal mucosa or constant, recurrent 
diarrhea, may directly interfere with absorption of a variety of ingested 
nutrients, with subsequent multiple nutritional deficiencies, 

The foods most frequently implicated in infant allergies are wheat, 
milk, egg, and citrus juices. Therefore potentially allergic infants should 
not receive mixed infant cereals (which contain wheat) when they are 
fed their first solids; rice is probably the most hypoallergenic of the 
commonly eaten cereals, and it is advisable to initially limit the infant 
to rice cereal. Oat and barley cereals may be introduced later, during 
the fourth or fifth months, but the consumption of wheat is best delayed 
until after the sixth month, and at that point the parent should be on the 
lookout for possible reactions. 

For similar reasons, the consumption of egg white, which is a potent 
sensitizer, is usually deferred until the tenth month in all infants, not 
just those with a known allergic propensity. Egg yolk, on the other hand, 
is less allergenic, and heat denaturation renders egg yolks nonreactive. 
Thus prophylactic exclusion of egg yolks during the early months is not 
necessary if the egg yolk is hard-boiled prior to feeding or if it is com- 
mercially prepared strained egg yolk which is heat sterilized in the 
normal course of processing. . 

Contrary to a widespread notion, the allergy associated with consump- 
tion of orange juice is apparently a specific hypersensitivity to the pro- 
teins contained in orange seeds. The pure juice sack “meat” of oranges 
does not arouse allergic reactions in infants or children known to react 
to orange juice. Orange-peel oil also causes undesirable gastrointestinal 
reactions and may precipitate a nonspecific dermatitis, but there is con- 
vincing evidence that the reactions to citrus-peel oil are not in the 
nature of a true allergic hypersensitivity based on an antigen-induced 
immune body response, but that a simple chemical contact irritation is 
involved. Improperly prepared orange juice may contain excessive 
amounts of peel oil or of seed proteins which have leached into the 
juice from broken seeds and may therefore cause reactions in susceptible 
children. Hypersensitive infants who react to orange juice should re- 
ceive their daily vitamin C quota in other vitamin C-containing or 
enriched fruit juices, or through supplementation with pure ascorbic 
acid in the form of tablets, or as part of a multivitamin preparation. 

From a nutritional standpoint, allergy to milk is the most serious of 
the commonly encountered food allergies since milk supplies the basic 
nutritional requirements in early infancy. Allergy to breast milk has been 
demonstrated but is very rare. Allergy to raw or pasteurized cow's 
milk is considerably more frequent; its incidence among infants has been 
variously reported as anywhere from 0.3 to 1.5 per cent and more. 
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The major proteins in milk are casein, albumin(s), and globulin(s). 
The same casein is found in milk from different species of animals; 
lactalbumins and lactoglobulins, however, are species-specific. In most 
cases of cow’s milk allergy, hypersensitivity to casein is not involved, 
and the allergic reaction is due to the presence of the lactoglobulins 
(which are very potent sensitizers) and lactalbumins (which are next 
in allergenic potential). In many cases of cow’s milk allergy it is there- 
fore possible to feed the infant evaporated milk (in which the offending 
lactoglobulins and lactalbumins have been heat denatured) without 
untoward reactions. It is also profitable to try the substitution of goat's 
milk, since the latter contains lactoglobulins and lactalbumins with a 
different molecular composition from those of cow’s milk, and consump- 
tion of goat’s milk may thus prove to be innocuous. If evaporated milk 
and goat’s milk produce allergic reactions, a milk substitute must be 
resorted to. 

Soybean preparations are commonly used as milk substitutes since 
soybean protein contains all the essential amino acids and soybeans 
contribute beneficial quantities of carbohydrates, fat, vitamins, and 
minerals. A number of soybean based “milk” formulas are commercially 
available and extensively used. 


TaBLeE 37. Meat Base Inrant ForRMULA FOR Usg IN MILK ALLERGY 


Formuta I 


This preparation simulates the composition of cow’s milk except for vitamin A. It 
has a pleasant, somewhat sweet flavor and is fed by nursing bottle in the usual manner. 
Vitamins A and D are necessary in conjunction with the use of this preparation. 


For preparation 





For home 

where scales 

preparation are available 

Strained beef heart*..............ccecee 3 jar (or 5% fl oz) 165.0 Gm 
Ghitiscagiic, olivate cay Josue carom eres 1 tbsp and 1% tsp 12.50 Gm 
Granulated sigarecc sacri. hae cee ee 414 tsp 14.85 Gm 
POCA WURFCH 3,209. eee rs © 5c cons ara ok ee 2% tsp 8.00 Gm 
Calcium Lactate (Hydrous), U.S.P......... 2 tsp 4.675 Gm 
Dibasic Sodium Phosphate, U.S.P..........] 34 tsp (14 and \4; 1.76 Gm 


both salts avail- 
able at drugstores) 
Poti water *ant ey Seeriee eo ee 10 fl oz 293.2 ec 








Measure all ingredients and finish by adding the hot water. Stir thoroughly, breaking 
up all clumps. Heat the resulting mixture in the top part of a double boiler until it 
thickens, with intermittent thorough stirring to prevent lumping. Transfer the thickened 
hot contents into two standard nursing bottles. Cap with nursing nipple through which 
stx holes have been punched with a red-hot straightened paper clip. Sterilize in the usual 
terminal sterilization manner, 


* Substitute strained lamb in case of allergy to beef. 
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Meat Base Formulas 


Meat base formulas and protein hydrolyzate mixtures may also be 
used as substitutes in case of intolerance to cow’s milk. Meat base formu- 
las are especially useful in instances where infants allergic to cow’s milk 
fail to respond to substitution with soybean milk. Strained meats have 
an essential amino acid pattern which readily fulfills the infant's growth 
requirements. Liquid meat base formulas may be compounded which 
have a chemical composition very similar to that of either breast milk 


TaBLE 38. Meat Base INFANT ForMULAS FoR Usg IN MILK ALLERGY 


Formuta IT 


This preparation simulates the composition of human breast milk except for vitamin 
A. The formula has a pleasant, somewhat sweet flavor and is fed by nursing bottle in 
the usual manner. Vitamins A and D are necessary in conjunction with the use of this 
preparation. 
ee Ea 
For preparation 





For home where scales 

preparation are available 

memmined Deel Heart. 5... 4c wees sees eens 5 tbsp 72.8 Gm 

MM OCRATOS DNV ic ose a cing dv be ase o 0k 1 tbsp and 14 tsp 15.35 Gm 

ICUIIO Ry rhs aera seid ie Sictehcie a's 2 tbsp and 1 tsp 39.24 Gm 

RP OLEPON 9 pe eee os Ge bts vise See's 21% tsp 8.0 Gm 

Calcium Lactate (Hydrous), U.S.P. 

(available at drugstores)................ V6 tsp 1.30 Gm 

RUE Si eyes sa clea Sek 2a docs 1214 fl oz 363.3 ce 





Alternate Formula Ila 


This preparation requires no calcium lactate. ]t is low in thiamine and requires 
thiamine supplementation in addition to vitamins A and D. 


Strained Chicken (Heinz)f................ 2 tbsp and 1 tsp 33.25 Gm 
REE GAT ORIG sg seGlaa ais» 8 + vine se 2 tbsp and 1% tsp 36.40 Gm 
Renae, CUIVE:. . 2 a5 424 tue Sees as > verse 1 tbsp and 1 tsp 14.10 Gm 
eile A a ae ea 2 tbsp and 1 tsp 40.80 Gm 
a le ing kes sea wae 214 tsp 8.00 Gm 
as ey eae bbe Re 12% fl oz 367.4 ce 





Measure or weigh all ingredients and finish by adding the hot water. Stir thoroughly, 
breaking up all clumps. Heat the resulting mixture in the top part of a double boiler 
until it thickens, with intermittent thorough stirring to prevent lumping. Transfer the 
thickened hot contents into two standard nursing bottles. Cap with nursing nipple 
through which six holes have been punched with a red-hot straightened paper clip. Sterilize 
in the usual terminal sterilization manner. 





* Substitute strained lamb in case of allergy to beef. 
¢ Contains 680 mg calcium/100 Gm. 
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or cow’s milk. Their taste is pleasant; they are readily accepted by in- 
fants; and the stools they produce are very similar in appearance and 
frequency to stools formed in nonallergic infants who are fed cow’s milk. 
In recent years, such meat base formulas have been used successfully in 
alleviation of infantile eczema and in treatment of gastrointestinal dis- 
turbances in early infancy due to hypersensitivity to cow’s milk and 
soybean formulas. Detailed directions for the preparation of meat base 
formulas which simulate the composition of breast milk and cow’s milk 
may be found in Tables 37 and 38. 


PART V 


ADDITIONAL ASPECTS OF HUMAN NUTRITION 
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CHAPTER 39 
NUTRITION IN EMERGENCIES 


In the history of mankind, physical progress and the accomplishments 
of technology have somewhat decreased the frequency and reduced the 
severity of the impact of natural disasters. On the other hand, neither 
passage of time nor the attainments of civilization have effected a notice- 
able reduction in the incidence of wars. Major catastrophes, be they 
natural or man-made, are still part of the life cycle of twentieth-century 
man; and emergency feeding of individuals or large population groups 
under conditions of war and natural disasters or after famine or pro- 
longed starvation remains a realistic topic which has a place in a compre- 
hensive discussion of human nutrition. 


Characteristics of Emergency Feeding 


The goals of emergency feeding are similar in most types of natural 
or man-made catastrophes: to keep people alive who have been dislo- 
cated or deprived of access to food, to maintain their morale, and to 
supply them with enough sustenance to enable them to carry out their 
functions until a normal or near-normal pattern of life can be restored. 
Emergency feeding includes provision of meals not only to evacuées, but 
also to essential workers engaged in physical tasks like rescue work, 
fire fighting, clearing debris, etc., which frequently accompany major 
disasters. Feeding of especially vulnerable groups is almost always in- 
volved. Thus in any planning, special provisions must be made for the 
feeding of infants, pregnant and lactating women, and the sick and 
injured. 

In emergency feeding emphasis is less on maintenance of nutritional 
standards and fulfillments of long-term nutritional requirements, but 
on two major objectives. The first is immediate provision of warm 
foods and beverages to relieve tension, assuage fears and anxiety, boost 
morale, and provide a physical lift for emergency workers engaged in 
strenuous activity. The second long-range objective is the orderly pro- 
vision of food to the population for as long as possible without precipi- 
tating impairment of individual function. Whereas the first is a 
short-range objective which can be attained with the efficient around- 
the-clock distribution of hot coffee, baked goods, and soups, the second 
objective calls for a certain amount of nutritional planning. 

367 
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Individual Nutritional Allowances in Emergency Feeding 


Under the conditions of most natural disasters, only a limited region 
is devastated and it is expected that a near-normal status will prevail 
in the balance of the country so that it is unlikely that emergency feeding 
in the true sense of the word will be required for much longer than one 
week. 

A curtailment of intake for 1 to 3 weeks is usually well tolerated by 
healthy individuals over 4 years of age who are not subject to special 
needs by virtue of hard physical labor, injury, pregnancy, or lactation, 
provided basic caloric needs are fulfilled and that foods of nutritionally 
heterogeneous nature like bread, legumes, and milk are used as main- 
stays of the diet. However, if the emergency feeding must continue 
for periods of 4 weeks or more, fulfillment of caloric needs alone will 
not suffice, and attention must be paid to the supply of proteins and of 
the water soluble vitamins, with particular emphasis on thiamine, which 
is the first to become depleted. By virtue of accumulated body reserves, 
the supply of fats, fat soluble vitamins, and minerals usually does not 
become critical until the deprivation has persisted for several months. 
In general, nutritional allowances for brief disaster periods are less exact- 
ing, from the standpoint of quality and quantity, than allowances for 
prolonged periods. 

The following recommendations for minimal nutritional allowances 
have been made by the Advisory Committee on Emergency Feeding to 
the New York City Office of Civil Defense for short-term disaster feeding. 

Essential workers should receive 4 quarts of water daily and a meal 
every 4 hours, during working hours, which provides per feeding: 


1400 Cal 
25 Gm protein 
0.875 mg thiamine! 


Healthy, uninjured persons (excluding pregnant and lactating women) 
4 years of age or over who are not engaged in essential emergency work 
should receive the following daily allowance: 


1 qt water 
1600 Cal 

35 Gm protein 
1 mg thiamine! 


The minimal daily allowance for emergencies not exceeding 1 week, 
for infants up to 6 months, is: 


; op ; Patt 

In all probability foods supplying the indicated amount of protein will con- 
comitantly supply enough thiamine to prevent clinical deficiency symptoms within the 
brief period for which this program is suggested. 
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110 Cal/kg 
3.2 Gm protein/kg 
0.4 mg thiamine/kg! 


Similar allowances for children 6 months to 4 years old: 


1200 Cal 
35 Gm protein 
0.6 mg thiamine! 


Allowances for pregnant women: 


2400 Cal 
80 Gm protein 
1.2 thiamine? 


Allowances for lactating women: 


3000 Cal . 
95 Gm protein 
1.5 mg thiamine? 


Because of their special needs, most of the available milk must be 
allocated to the last four groups. (Injured and burned patients will 
require the balance.) Milk should be allocated in accordance with the 
following order of descending priority: (1) infants, pregnant and lactating 
women, (2) children 6 months to 3 years of age, (3) children 4 years 
and over. 

Effective allowances for injured and burned patients cannot be for- 
mulated without attention to the individual case. The maintenance of fluid 
and electrolyte balance during the first day is crucial and a matter of 
clinical judgment; decisions concerning this and subsequent minimal 
nutritional maintenance must be left to the medical personnel in charge 
of these patients. It must be kept in mind, however, that the nutritional 
requirements of this group are decidedly higher and more exacting than 
those of uninjured individuals. It is also understood that during emer- 
gency conditions special diets will not be available for those affected 
with chronic ailments, so that diabetics will have to rely on insulin, and 
peptic ulcer patients on antacids, for maintenance of health. 

The source of the enumerated minimal requirements will depend on 
whatever stockpiles of food are available. If facilities for baking are 
available or can be made to operate, bread made from standard enriched 
flour and 4 or more per cent skim milk solids (this exceeds the milk 
solid content of most commercial breads) can well serve as the mainstay 

‘In all probability foods supplying the indicated amount of protein will con- 
comitantly supply enough thiamine to prevent clinical deficiency symptoms within the 
brief period for which this program is suggested. 
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of the emergency diet. Butter or margarine, if available, may be used in 
conjunction with the bread to meet some of the higher caloric needs of 
those engaged in essential physical labor. When simple canteen-type 
facilities are available, mixed soups and stews are often the most satis- 
factory items of service. The major foods which constitute the back- 
bone of emergency feeding are enumerated in the next section. 


Foods for Stockpiling 


Foods best adapted for stockpiling against future emergencies or for 
relief shipment into devastated areas must be stable against deteriora- 
tion and should contain a maximum of nourishing solids and a minimum 
of unessential water. Enriched flour, polished enriched rice, dehydrated 
potatoes, sugar, fats, oils, and canned modified butter, margarine, or 
shortening represent invaluable concentrated sources of needed calories. 
They do not, however, contribute high quality proteins, vitamins, and 
minerals in generous quantities. Dried nonfat milk, powdered eggs, dried 
beans and peas, canned meats and fish, and dry hard cheese represent rich 
sources of the more essential nutrients without which any prolonged 
emergency feeding effort is hazardous. 

Dried skim milk is probably the most valuable concentrated, stable 
emergency food from a nutritional and practical viewpoint. It can be 
used as an enriching ingredient for whatever emergency staple is used 
as the mainstay of the diet, be it bread, soup, or stews. More important 
yet, it may be reconstituted into an acceptable liquid product of varying 
strength to fill the needs of the groups which are particularly vulnerable 
or have special feeding requirements, like young infants, pregnant and 
lactating women, and the injured and burned. For all practical purposes 
dried skim milk retains the important nutritive values of the parent 
product, and recent technological advances in its processing yield an 
instantly wettable product which is easily reconstituted. Dry milk has 
repeatedly proved its merit in successful supplementation of the intake 
of undernourished people or rehabilitation of starving prisoners of war 
or inmates of concentration camps. - 

Dried powdered eggs lack the high calcium content which makes dried 
milk the ideal food to be stockpiled for the feeding of infants and preg- 
nant or lactating women, but it is probably second to milk powder in the 
order of desirable, highly concentrated, nutritious staples for emergency 
feeding. 

Canned foods lend themselves especially well to stockpiling because 
of their low perishability, safety, convenience, and the mechanical sta- 
bility of the individual unit. The weight and bulkiness of canned foods 
need not be a disadvantage as long as selectivity is maintained in stock- 
piling. Canned fruits and vegetables containing anywhere from 75 to 
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95 per cent water, depending on the variety, do not necessarily represent 
a good choice. (However, in times of emergency, potable water is often 
the greatest need, and canned fruits and vegetables, if available, will 
serve as a safe source of fluids.) Canned pressed meats constitute a very 
satisfactory source of proteins, fat, and essential micronutrients. Canned 
fish falls into the same category, particularly if the product is rich in 
calcium because of retained softened, edible bones (canned salmon) 
and contains added oil, which would represent a welcome source of 
calories (sardines, tuna). Canned modified butter or margarine and 
canned oil or shortening should be part of any planned emergency food 
reserve, as well as canned nonsweetened evaporated milk and staples like 
canned beans. 


Radioactive Contamination 


A discussion of emergency feeding would be incomplete without the 
mention of the special problem created by accidental or intentional nu- 
clear explosion. Contamination with radioactive fallout makes foods or 
water dangerous and unfit for consumption. This hazard is negligible 
if the food is mechanically protected by its container from the admixture 
of radioactive dust. In this respect, substantial, airtight containers—cans 
or jars—are preferable to single-layer paper wrappers with seals which 
are not necessarily impervious or intact; cardboard boxes which have inner 
paper liners and which are protected by outer shipping cartons are also 
considered safe. Published experimental evidence indicates that foods 
in unbroken sealed packages, cans, or jars are safe for consumption if the 
exterior of the container is thoroughly washed with a detergent solution 
to remove any radioactive substances and provided that extreme care is 
taken to avoid contamination of the contents when they are removed 
from the container (or when the “decontaminated” but still suspect 
wrapping material is removed from the contents). Foods which have a 
protective skin (most fruits, some vegetables) may be used if they are 
thoroughly washed with a detergent solution, rinsed, and then peeled 
under painstaking precautions to avoid contact of the possibly still con- 
taminated skin with the interior edible portion. Cooperative studies 
conducted by the U.S. Atomic Energy Commission and the National 
Canners Association have shown that induced radioactivity is not set 
up in canned foods which have been exposed to the intense radiation 
encountered near the center of nuclear blasts. Until the public water 
supply has been cleared of the suspicion of lingering radioactive con- 
tamination, packaged fluids such as bottled or canned fruit juices and 
soft drinks should be consumed. 

All wash water, rinse water, rubber gloves, and rags used in decon- 
taminating foods are best disposed of by burying them deeply in ground 
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so chosen that the likelihood of the leaching of radioactive wastes into 
public water supplies is unlikely. 


Nutritional Rehabilitation Following Starvation 


The problem of refeeding starved populations or inmates of prisoner- 
of-war or concentration camps arises in times of war, famine, or major 
natural disaster. Previously starved individuals should not be permitted to 
eat ad libitum, since, depending on the length of the period of starvation, 
this may result in reflex overloading with distention, and nausea, vomiting, 
and diarrhea may occur. Moreover, severely starved individuals may be 
too weak to feed themselves and may therefore succumb within the sight 
of food if they are not aided by a planned effort at nutritional re- 
habilitation. 

Severe cases of inanition may be so badly debilitated that they can 
tolerate only small quantities of food without distress. In extreme in- 
stances the use of the stomach tube may be advisable. Such patients 
receive frequent small feedings of skim milk (50 to 100 cc at hourly 
intervals). If this produces no untoward reactions, small quantities of 
skim milk powder, sugar, and egg yolks (or powdered egg) are added 
to the skim milk and the mixture is thoroughly homogenized. It is 
advisable to aspirate any remaining stomach contents through the 
indwelling catheter before new feedings are given. If such a regimen 
does not bring about rapid improvement, a trial at parenteral feeding 
may be made. (Large-scale initial parenteral feeding attempts without 
individual selection are not practical, nor have they proved very desir- 
able or necessary from the standpoint of superior results. ) 

Persons in a very depleted state but able to feed themselves are given 
small quantities of easily digested food at frequent intervals. Recon- 
stituted skim milk made from nonfat milk powder and water is a very 
practical first food. Its concentration may be increased and sugar and 
powdered egg admixed if the first feedings pass uneventfully. Easily 
digested solid foods (bread, soups) are given next in small amounts 
and at frequent intervals. Fats should be avoided at first because they 
are often poorly digested and tolerated by severely starved individuals. 
Because of the danger of producing gastric distress by overfeeding, indi- 
vidual reaction is the guide to the increase in the amount of food given 
at any one meal; eventually a normal pattern of three major meals is 
arrived at, with in-between-meal feedings as needed. 

The primary need in refeeding starved persons is for an abundant 
provision of calories. The rate of recovery is roughly proportional to the 
calories supplied. An attempt is therefore made to upgrade the food 
allotment gradually from about 1500 calories until a daily intake of 
3000 to 4000 calories is obtained. Intakes in excess of 5000 calories are 
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unnecessary and do not speed recovery. A diet rich in high quality protein 
should be given because of the need for essential amino acids for tissue 
rehabilitation. Special vitamin supplementation is not crucial in the first 
days of rehabilitation except where specific clinical deficiencies exist. 
Prophylactic multivitamin supplementation may be desirable and does 
no harm during the long period of recovery. 

Before body weight is fully restored and full working capacity is 
attained, the subject may go through a phase during which the previously 
depressed metabolic rate increases beyond its level during the period of 
inanition and even beyond the normal prestarvation level. Similarly, 
the previously subnormal blood flow and pulse rate may accelerate 
beyond normal control values. Some clinicians like to interpret this as 
a rebound from the panhypopituitarism which is characteristic of pro- 
longed and severe starvation. The unconscious habit of energy conserva- 
tion acquired during long periods of deprivation is usually not abandoned 
hastily; therefore physical rehabilitation through exercise may have to 
be enforced. The recovering subjects may also become more difficult 
to manage as physical vigor returns because at this point the starvation- 
caused depression and lack of initiative may well be replaced by overt 
manifestations of previously repressed irritation and hostility. 

Full recovery from long-term undernutrition is a slow process. In 
instances of severe, prolonged starvation in adults where the weight 
loss exceeds 25 per cent, full functional rehabilitation may be delayed 
for as long as a year, even with the best of treatment; in the case of 
children, the recovery period may be considerably shorter (but may leave 
residual damage), whereas elderly subjects may require an even longer 
period in which to achieve complete or near-complete restoration. 


cHarteR 40 
FOOD SANITATION AND TOXICOLOGY 


Food Poisoning 


Food poisoning is a loosely used blanket term which may connote a 
multitude of widely divergent etiologies. From a statistical standpoint, 
food poisoning is not an important cause of severe illness or death. 
Nevertheless, the number of outbreaks which do occur each year, their 
dramatic nature, their epidemiologic peculiarities, the trauma and suf- 
fering, the occasional fatalities, and the resulting publicity suffice to 
endow the subject with an importance which cannot be ignored, even 
though it may be somewhat out of proportion to its actual public health 
significance. Foods which produce toxic reactions are either carriers of 
microbial infections and preformed bacterial toxins or sources of poisons 
which are an inherent part of the composition of the particular plant, 
fungus, or animal. 

Occasionally excessive residues of insecticides and fungicides applied 
in the form of sprays and dusts may be encountered on unwashed fruits 
or vegetables; such residues do not usually give rise to acute attacks of 
food poisoning, but they must be eliminated carefully to avoid any toxic 
cumulative effects. This chapter is limited to a discussion of the tra- 
ditional concept of “food poisoning,” and no attempt is made to discuss 
the vast spectrum of microbial infections which may be contracted by 
ingestion of contaminated foods and beverages (typhoid fever, amoebic 
dysentery, streptococcic septic sore throat, etc. ). 


Bacterial Infections 


Many cases of food poisoning are the aftermath of the ingestion of 
foods contaminated with pathogenic bacteria. The majority of such out- 
breaks are due to organisms of the Salmonella group, of which about 200 
different serotypes have been recognized as pathogenic for man. The 
symptoms of food-borne infection with such organisms are basically alike. 
They are characterized by nausea and vomiting, abdominal cramps, 
diarrhea, headache and fever, and general prostration. There is usually 
an asymptomatic incubation period of from % to 1% days, followed by an 
abrupt onset. Attacks are of varying severity and usually last 1 to 2 days; 
they are rarely severe enough to be fatal. . 

Outbreaks of this type of acute gastroenteritis are usually characterized 
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by an interesting epidemiology since in most cases large numbers of indi- 
viduals who partook of the same contaminated food—at a restaurant, 
picnic, or wedding dinner—will be affected. F requent sources of infec- 
tion are human carriers who act as food handlers, insects which spread the 
pathogen from fecal sources to the food, and unsanitary contaminated 
ingredients or containers which were used in preparation of the food 
product or meal. Cases are known where poorly stored foods were con- 
taminated with Salmonella organisms through the excreta of infected 
rodents. 


Botulinus Poisoning 


Botulism is a true poisoning in the sense that the pathologic syndrome 
is due to the ingestion of a toxic substance found preformed in the food. 
Botulism is caused by the ingestion of a potent toxin elaborated and 
secreted by different strains of Clostridium botulinum, an anaerobic, 
spore-forming organism which is widely distributed in soils. The bac- 
terium grows readily under anaerobic conditions in improperly sterilized, 
preserved foods which have a near-neutral or slightly alkaline reaction. 
(The organism does not grow in a medium with a pH of 4.1 or lower.) 
Early outbreaks of botulism in Europe were caused by improperly 
preserved sausages. In the United States, since 1925, all commercially 
canned nonacid foods are heat sterilized by retorting under pressure at 
temperatures far above the boiling point for prolonged periods to 
assure complete destruction of botulinus spores and thereby safety from 
botulism. At present, most instances of botulinus poisoning are caused 
by the ingestion of improperly sterilized, home-preserved nonacid foods, 
especially corn and string beans. In the canning process, boiling alone 
is not enough to assure complete sterilization of home-canned low acid 
foods; a pressure cooker must be used to sterilize such foods at tempera- 
tures of 240°F or more for appropriate periods, which vary with the 
size of the container, the processing method, and the particular variety 
of food. 

The toxin of Cl. botulinum is one of the most potent poisons known. 
The ingestion of even minute quantities will result in a severe syndrome 
which may be fatal within 2 to 10 days. Symptoms include headache, 
nausea, prostration, oculomotor abnormalities, blindness, progressive 
difficulty in swallowing and talking, ascending paralysis, and death. 
Treatment is primarily supportive, in addition to the administration of 
a polyvalent botulinus antitoxin (or of strain-specific antitoxins if the 
type of organism involved can be ascertained). The antitoxin is effective 
largely in instances where only small quantities of the toxin have been 
consumed and where prophylactic administration was started before 
onset of symptoms. The mortality in botulism is about 65 per cent. 
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The toxin is heat labile and may be inactivated by boiling for about 
15 minutes. This fact may be responsible for the prevention of many 
instances of botulism because even though a particular jar or can of 
home-canned food may have supported growth of the organism, subse- 
quent routine cooking by the unsuspecting housewife may have inacti- 
vated the toxin. 


Staphylococcus Enterotoxin Poisoning 


The most common type of food poisoning is based on ingestion of a 
preformed toxin elaborated by organisms of the genus Staphylococcus. 
It is difficult to exclude staphylococci from foods since the organisms 
are ever-present on human skin and are constantly discharged from the 
human respiratory tract and suspended on droplets of moisture or 
dust particles. Food handlers with cutaneous infections are a major 
source of this specific contamination of foods. Staphylococci grow in 
cream fillings, custards, puddings, hollandaise sauce and other starch, 
egg, and milk-containing mixtures (meats and meat combinations will 
also support their growth). Rapidly growing staphylococci may elaborate 
their specific enterotoxin within a few hours in fertile media like cream 
puffs and custard pies if growth is not deterred by proper refrigeration. 
Warm foods or foods permitted to stand for prolonged periods at room 
temperature in the summer months constitute an open invitation for this 
type of food poisoning. 

As the name implies, the staphylococcus enterotoxin acts primarily 
on the gastrointestinal tract. Since a preformed poisonous substance is 
involved (and not an organism which must first multiply and establish 
itself in the intestinal tract to produce reactions), onset of symptoms 
after ingestion is rapid and occurs usually within about 3 hours. Symp- 
toms are acute and include nausea, vomiting, diarrhea, intestinal cramps, 
headache, and on occasions fever. In contrast to salmonellosis or botulism, 
the attack does not last more than 1 day and frequently terminates within 
6 hours or less. 


Trichinosis 


Any discussion of food poisoning would be incomplete without a brief 
mention of trichinosis. This condition is the result of a generalized muscle 
infestation with the roundworm Trichinella spiralis. Encysted, dormant 
larvae of the worm are taken in through the consumption of infected pork 
which was insufficiently cooked to achieve destruction of the parasite. 

Symptoms of the disease are fever and generalized muscular tender- 
ness after an incubation period of about 1 to 2 weeks, followed by edema 
of the eyelids, gastrointestinal symptoms, headache, retinal hemorrhages, 
photophobia, and eosinophilia. The eosinophilia in conjunction with 
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edema of the eyelids, headache, and muscular pains in the neck and 
muscles of respiration is almost pathognomonic, Eventually the invading 
larvae which remain outside of muscle tissue are destroyed and the 
survivors localize and encyst in muscles, particularly the diaphragm. 
At this point the infected individual becomes asymptomatic. 

Many cases are mild enough to escape attention; others are quite 
severe, and a mortality of up to 5 per cent has been reported in diagnosed 
cases. The incidence of human infection in the United States is very 
high and has been variously reported to be anywhere from 9 to 20 per 
cent, depending on the locality. The condition can be prevented by the 
thorough cooking of all pork and pork products and avoidance of un- 
cooked pork sausage meats. (Bear meat may also be infected but is 
statistically less significant.) The parasites can be destroyed by heating 
the meat harboring them to at least 160°F, by gamma irradiation at a 
dosage of 30,000 rads, or by freezing at 5°F for 20 days or more. Cooks 
and housewives must be warmed against preparing rare pork products; 
when cooking a pork roast, a thermometer inserted into the center of the 
thickest portion of the meat should indicate 185°F before roasting is 
terminated to ensure that temperatures lethal to the parasite are pro- 
duced in all locations. 

Trichinosis is very widespread among pigs, and the practice of feeding 
raw garbage to hogs serves to perpetuate and spread the condition since 
untreated garbage is usually contaminated with Tr. spiralis larvae. Today, 
in a number of communities special regulations force hog raisers to steam- 
sterilize all garbage before it is used for feeding purposes. 


Heavy Metals 


Metals which may be ingested in small quantities with foods and which 
are toxic above certain levels include lead, arsenic, selenium, cadmium, 
and antimony. There are two major sources of lead ingestion: (1) lead 
contained in the paint covering objects which are chewed by young 
children, and (2) lead in the form of spray residues on edible crops. 
Fortunately, industrial practices and legal regulations effectively control 
this toxic contamination at present. Lead-containing enamels, glazes, 
and solders in cooking and food storage utensils constitute another 
potential source of lead contamination of foods and beverages. Lead 
toxicity is cumulative, and its onset almost unnoticeable. 

The average arsenic content of most foods is less than 1 ppm. Marine 
crustaceans and shellfish may contain much more, but this is combined 
with organic matter in a form which is not absorbed. Arsenical insecticidal 
sprays are widely used for fruits and vegetables, but improved washing 
methods have rendered the risk from these negligible. 

Cadmium is a powerful emetic. Acid fruits stored in cadmium plated 
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utensils may dissolve toxic amounts of this metal; cadmium plating 
should not be allowed to come in contact with foods. 

Antimony is another emetic which has been used for glazes on enameled 
vessels and pottery. Several outbreaks have been traced to lemonade 
which has leached antimony from cheap gray enameled kettles. 

Selenium may be found in excessive, toxic concentrations in cereals 
grown in certain areas in the United States. In commercial usage, grain 
from such regions is mixed with selenium-free grain from other areas 
where the soil does not contain this element, before milling or before 
feeding to livestock. 


Mussel Poisoning 


A number of fish and shellfish found in tropical waters are poisonous; 
the nature of the poison is unknown in many cases and seems to vary 
with the species, geographical region, and season. In the United States 
mussel and clam poisoning is most common on the Pacific Coast, but is 
not restricted to this area. From June through October mussels and 
clams feed on a poisonous unicellular marine organism (Gonyaulax), 
which produces a toxic alkaloid resembling strychnine. Consumption of 
clams and mussels during these months may result in acute mussel 
poisoning. Symptoms may follow within 30 minutes; they include pares- 
thesias around the mouth, followed by nausea, vomiting, abdominal 
cramps, dizziness, incoordination, and progressive paralysis; death may 
result from respiratory paralysis. 


Poisonous Plants 


A number of plants contain poisonous alkaloids which will cause toxic 
symptoms of varying severity depending on the amount ingested. Poison- 
ing may occur particularly among children who are more apt to eat 
unknown but attractive leaves or berries. Examples of such plants are 
hemlock (coniine), Jimson weed (stramonium), foxglove (digitalis) 
monkshood (aconitine), and deadly nightshade (atropine). 

Lathyrism characterized by nervous system manifestations (tremors, 
spastic paraplegia, paresthesias) is found in regions where vetches, par- 
ticularly Lathyrus sativus, are regularly eaten by the population (India, 
Africa). White snakeroot or richweed poisoning, characterized by vomit- 
ing, weakness, and prostration, may be caused by drinking the milk of 
cows that pasture where the noxious plant is plentiful. In commercial 
usage milk is pooled from many sources, so that toxic concentrations of 
the etiologic trematol in processed milk are highly unlikely. 

Fava bean poisoning (favism) is caused by the ingestion of fava beans 
(or even by exposure to the blossoming plant) by sensitized, susceptible 
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individuals. The symptoms include vomiting, dizziness, prostration, and 
severe hemolytic anemia with icterus. 

Ergot poisoning is rare in the United States, but not uncommon in 
Europe, where the parasitic fungus of rye smut (Claviceps purpurea) is 
more widespread. Poisoning occurs because of ingestion of the powerful 
alkaloid ergot; this substance is found in the fruiting body of the fungus 
which is ground up and disseminated into the flour during milling. 
Ingestion of bread made from the unmixed, undiluted flour may result 
in severe and even fatal symptomatology referable to the circulatory or 
central nervous systems. Symptoms are due to the powerful vasocon- 
strictive action of the alkaloid and its induction of severe muscular 
contractions. 


Mushroom Poisoning 


Poisonous mushrooms are distinguished from edible ones by specific 
botanical characteristics; persons unfamiliar with these morphologic 
criteria should not attempt to eat wild-growing mushrooms which they 
have gathered, since at times the risks of mushroom poisoning exceed 
the gastronomic rewards. 

Two species of the genus Amanita are responsible for the bulk of 
cases of mushroom poisoning in the United States. The delicious but 
deadly A. phalloides causes nearly 90 per cent of fatalities, and A. 
muscaria is responsible for practically all other deaths from mycetismus. 

In this country two types of poisoning are distinguished. The rapid 
type is caused by A. muscaria, which contains the alkaloid muscarine. 
In this type, symptoms will occur within 1 to 2 hours; they consist of 
vomiting, abdominal cramps, salivation, sweating, myosis, and collapse. 
Atropine is a specific antidote to which most persons respond well, and 
mortality is low. 

The delayed type of poisoning is due to the ingestion of A. phalloides 
which contains a number of yet unidentified toxins. Here the symptoms 
occur after 6 to 16 hours; they consist of abdominal pain, extreme nausea, 
vomiting, and diarrhea. This is followed by extensive damage to the 
liver, kidney, and central nervous system. In this delayed type of mush- 
room poisoning the causative toxins had a chance to be well absorbed 
by the time countermeasures are taken, and the prognosis is corre- 
spondingly poor. The mortality is 50 per cent or higher. 


Radioactive Contamination 


Precautions associated with the use of foods suspected of radioactive 
contamination as an aftermath of nuclear blasts are discussed in Chap. 39. 
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Prevention of Food Poisoning 


Most instances of food poisoning occur through the mechanisms dis- 
cussed in the early sections and involve, as the underlying cause, bac- 
terial contamination. Such outbreaks can be avoided if the tenets of 
sanitary handling of foods are upheld at all times, preferably on a volun- 
tary basis, but if necessary through strict enforcement of sanitary regula- 
tions promulgated by boards of health and similar agencies. This involves 
the elimination of chronic carriers from food handling positions, the use 
of adequate refrigerated storage facilities in restaurants, a more effective 
separation of restaurant kitchens and restrooms, the pasteurization of milk, 
thorough inspection of meats, pest control measures in food storage areas, 
insect control in food handling establishments, and many others. 

Most bacterial growth is inhibited in acid media; consequently, many 
fruits of low pH require a briefer or lower heat treatment than foods 
which are less acid in order to effect sterilization. Nevertheless, scrupulous 
care is necessary in handling all classes of foods because severe contamina- 
tion may cause spoilage even in the lower ranges of hydrogen-ion concen- 
tration. Freezing cannot be relied on to sterilize food, and frozen foods, 
once thawed, should be regarded as particularly perishable products. 
The danger zone for bacterial reproduction in foods is between 50 and 
120°F. Four hours may suffice to permit the growth of a sizable bac- 
terial population, particularly in such favorable media as raw milk or 
ground meat. Whenever there is any reason to doubt the freshness or 
wholesomeness of a food product or dish, it should never be consumed 
and should be disposed of in such a fashion that small children and 
domestic animals cannot reach and eat it. When a food is suspect, 
cowardice is the wisest course of action; the risks of casual testing by 
personal trial are disproportionate to the potential savings. 


CHAPTER 4| 


NUTRITION AND 
MODERN FOOD TECHNOLOGY 


Since the dawn of history, man has been confronted with the problem 
of survival through alternate periods of glut and famine due to changes 
of season and the vagaries of climate. The solution evolved eventually, 
and man began to store the surplus of good years and seasons to nourish 
himself during the proverbial “seven lean years.” The first documented, 
large-scale effort at preventative food storage was organized in biblical 
times by Joseph in Egypt, and this farsighted man may well be con- 
sidered the prototype of the planner and entrepreneur in the fields of 
food and nutrition. Since then there have been many other milestones 
in man’s efforts to prevent starvation and to assure an abundant diet at 
all times, yet the storage and preservation of foods remain a fundamental 
without which our civilization cannot exist. 


Preservation of Foods 


Since the conditions of contemporary living demand that foods be 
transported over long distances and be stored for considerable periods, 
their limited natural keeping qualities must be improved. Some foods 
may be safely kept for years without the need for extensive processing. 
Thus cereals may be stored almost indefinitely, provided they are pro- 
tected against spoilage through moisture and secured against infestation 
by insects and vermin. In the case of grains and seeds, natural dehydra- 
tion serves as the protective process. 


Dehydration 


Man-made dehydration is one of the earliest methods of food preserva- 
tion. Microbial spoilage depends on the presence of sufficient water, and 
drying of meat, fish, beans, fruits, and vegetables has been used since 
early days to effect the preservation of fresh foods. In recent years, aided 
particularly by the impetus of World War II, modern food technology 
has made immense strides in this particular field. Today's dried milk and 
dried eggs have a nutritive content practically identical with that of the 
fresh parent products. It is not as easy to make sweeping statements in 
the case of dehydrated or dried fruits and vegetables since results vary 
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with each variety. In some instances vitamin losses are negligible; special 
processes, such as sulfuring in the case of fruits and steam blanching in 
the case of vegetables, tend to prevent losses of vitamin A and ascorbic 
acid. In general, about one-third to one-half of the thiamine in fruits and 
vegetables is lost during prolonged dehydration. Little data are avail- 
able as yet concerning the preservation of riboflavin and niacin; theo- 
retically both are more resistant to heating and oxidation than thiamine. 


Canning 


The salting and smoking of foods, though practiced for many cen- 
turies, is quantitatively less important today than in the past. Canning, 
freezing, and refrigeration have largely become the major contemporary 
methods of food preservation. The object in canning and bottling is the 
destruction of spoilage organisms. After suitable preparation the perish- 
able raw materials are put into airtight, sealed containers, and a pre- 
determined heat treatment serves to destroy the potential spoilage organ- 
isms which are capable of growing in the food. Once such approximate 
sterility is achieved, most canned foods remain edible for many years. 

In modern commercial usage great care is taken to select specific 
varieties of raw material which lend themselves well to the canning 
process, to uphold sanitary conditions to the extreme in order to reduce 
to a practical minimum the number of bacteria in the yet-unsterilized 
food, and to shorten the time lag between harvest and process. Fruits 
and vegetables canned within 24 hours of picking often preserve a higher 
vitamin C content than similar foods bought “fresh” on the open market 
after prolonged shipping and storage and cooking in the home. 


Retention of Nutrients in Canned Foods 


Today, canning results in minimal nutritive losses. In general, it may 
be safely stated that there is no discernible loss in protein, fat, or carbo- 
hydrate. The vitamin content of canned foods reflects the variations in 
the nutrient values of the raw materials used, along with the methods 
employed in preparation and processing. Exposure to air (oxygen), 
contact with hot water, and heating—all conditions which are also at 
work in the home kitchen preparation of foods—are responsible for 
reductions in vitamin content which may occur during canning. However, 
with up-to-date equipment and methods, the vitamins contained in the 
raw foods are retained to a high degree in the canned product. The 
shortest blanching time at the highest temperatures consistent with the 
production of a high quality product, and with a minimum exposure to 
oxygen, favors the greatest conservation of original vitamin content. 
Similarly, the use of new high temperature, short-time processing tech- 
niques (used to sterilize semisolid products which traditionally were heat 
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sterilized through reliance on heat conduction only) permits the canning 
of products with retention of up to 90 per cent of thiamine, which, 
together with vitamin C, shares the distinction of being the most easily 
oxidized, heat labile micronutrient subject to loss in the preparation of 
foods. 

Exposure of a food to oxygen (air), particularly in the presence of 
enzymes and heavy metal ions like copper, may seriously affect the 
vitamin C content of the food product. Present-day methods permit the 
production of citrus juices which contain practically all the ascorbic acid 
found in the original fruit, and a similarly high reténtion is obtained in 
other products if the available information and advanced methods of 
processing are used. 

The following data serve to give a general indication of vitamin reten- 
tion in the canning of several representative fruits and vegetables. 


AVERAGE RETENTION OF AscorBiIc AcID AND THIAMINE, Per CENT 





Ascorbic acid Thiamine 
MOAT AUN ate nia otek ms 92 67 
LCs ig DS Ott ee a eee Bs 34* 
AerOON, DEAE: <0 cis aviv. 0's 55 71 
bree Ue, ee ne i 98 
PD PACROR Tea ce a tate. ee vi 76 
Tomato jee. .604 +46: 67 89 


* New method of pressure cooking, up to 90 per cent. 


AVERAGE RETENTION OF CAROTENE, RIBOFLAVIN, AND NIACIN, PER CENT 


Carotene Riboflavin Niacin 
PMID oo side eas ee 88 - 96 
BO EO err ee 97 97 86 
Green beans.......... 87 96 92 
Orange juice.......... 
DOROUEN fides ond hints 85 ‘Ds 89 
PLUME COEN Sale boas wind 67 100 98 





Nutritive losses during prolonged storage of canned foods are limited 
to the more vulnerable vitamins. In general, a 15 to 30 per cent decrease 
in ascorbic acid may be expected during 1 year’s storage at 80°F, whereas 
only 5 to 15 per cent is lost at 65°F, which is a more representative yearly 
average figure for most food warehouses in temperate climates. De- 
pending on the pH of the food, thiamine losses are of a similar order of 
magnitude or somewhat larger. On the other hand, carotene, riboflavin, 
and niacin values decrease relatively slightly on storage. 
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Retention of Nutrients in Frozen Foods 


Perhaps the most important development in food preservation in the 
last two decades is freezing. The nutritive loss which the food suffers 
during preparation for freezing (trimming, washing, blanching ) are 
similar to that experienced in preparation for canning. Beyond this point, 
quick freezing prevents microbial spoilage. If the food is frozen quickly 
and maintained at 0°F, the subsequent losses in nutritive value are 
slight. Thus if the preparation for final freezing is efficient and well 
planned, the losses in nutrients encountered may actually be smaller 
than those which take place during transportation, storage, and aging 
of “fresh” fruits and vegetables, followed by the preparatory steps which 
take place in the kitchen. 

Ideally, frozen foods should be stored at 0°F. At that temperature, 
storage for 1 year does not result in significant vitamin losses. A rise in 
the storage temperature to 10°F may triple these small losses. At 30°F 
this rate increases about forty to fifty times and microbial spoilage may 
accompany the attendant decrease in vitamin content. 


Irradiation of Foods 


The latest development in food preservation is sterilization by irradia- 
tion. Commercially produced irradiated foods are not yet available, and 
this aspect of food technology is still in its infant shoes. So far it has 
been amply demonstrated that foods may be sterilized by radiation if a 
sufficiently high dosage is utilized. Such foods are not dangerous since 
radioactivity is not induced by the dosages required for sterilization. 
However, undesirable changes in flavor, texture, color, and reduction 
in vitamin content still attend irradiation sterilization of a significant 
number of foods. In addition, high inital cost of installation and the slow 
rate of sterilization may make irradiation an uneconomical method of 
preserving foods. Thus several years may pass before irradiation will 
claim a significant proportion of the commercially processed foods con- 
sumed by the population. 


Preparation of Foods in the Kitchen 


The processing of fresh foods—trimming, washing, and cooking—in 
the home or institutional kitchen claims its share of nutrients. No matter 
how carefully washing and cooking are performed, loss of water soluble 
and heat labile or oxidation prone constituents is inevitable. Similar to 
the situation in canning, losses in carotene, riboflavin, and niacin are not 
significant, though riboflavin may be destroyed by exposure to strong 
light. The final vitamin content of the finished food and the losses of 
thiamine and ascorbic acid due to oxidation and heating depend on the 
original freshness and vitamin content of the produce bought in the 
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store and on the cooking habits of the cook or housewife. Suffice it to say 
that excessive losses of vulnerable vitamins and minerals can be pre- 
vented in the same fashion in which the industrial processes are improved, 
by avoiding prolonged exposure of hot foods to oxygen (air) and by 
minimizing the leaching of water soluble constituents through the use 
of reasonable quantities of wash water and water used for boiling or 
cooking and by use of the cooking water (which contains water soluble 
minerals and vitamins) in the food, instead of discarding it. Cooking 
in a covered pot and the briefer cooking period associated with pressure 
cooking tend to preserve thiamine and ascorbic acid. 


Enrichment and Fortification 


One of the most significant developments in food technology which 
serves to improve the nutritive value of refined or compounded and 
processed foods is enrichment with specific vitamins or minerals. It has 
been mentioned previously (Chap. 11) that the milling of low extraction, 
fine white flour, corn meal, and polished white rice results in unavoidable 
losses of some nutrients. In the last two decades the addition of thiamine, 
riboflavin, niacin, and iron to wheat flour, macaroni and noodle products, 
farina, rice, corn meal, and corn grits has been gradually introduced as 
a legally required procedure in a large number of states and foreign 
countries. 

The principle of enrichment connotes, by definition, the compensatory 
restoration, by addition of the pure vitamins and minerals, of the original 
natural levels of these elements in foods which routinely suffer nutritional 
loss during the process of milling or refining. On the other hand, fortifica- 
tion is a term applied to the addition of other than natural levels of 
vitamins or minerals to foods which are suitable vehicles of such nutrients, 
where such fortification may be sanctioned in view of specific, wide- 
spread nutritional deficiencies and when more natural routes of supple- 
mentation are not available. 

Today, both enrichment and fortification have become accepted 
routine steps in the manufacture of certain staple foods, and they con- 
tribute considerably to the improvement of the nutritional welfare of 
the population. In practice, what may start as mere enrichment may 
become modified to a combination of enrichment and fortification. 
Enriched flour is a good example where the enrichment was not limited 
to restoring previous natural values; in setting the legal requirements 
for enrichment, the human requirement and the general dietary situation 
with respect to the nutrients involved were also taken into consideration. 

There exist a number of examples of nutritional fortification of popular 
food items which have now become accepted routine measures serving 
the interest of improved nutritional standards of the population. Most 
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brands of margarine in this country are fortified to contain 15,000 LU. 
of vitamin A per pound (the legal requirement calls for 9,000 units). 
Practically all evaporated milk canned in this country is fortified to con- 
tain 400 units of vitamin D per quart of reconstituted milk. Similarly, 
vitamin D milk, a standardized product, is pasteurized fresh milk which 
has been fortified to contain 400 units of vitamin D per quart. In Canada, 
where citrus fruits must be imported and where imported citrus juices 
are more expensive, legal standards—recognizing the need for a popularly 
available source of vitamin C—have created a fortified, standardized 
apple juice which contains a minimum of 35 milligrams of ascorbic acid 
per 100 cc of juice. Present-day precooked infant cereals are routinely 
enriched with iron, thiamine, and niacin; and iodized salt has become 
a household staple without which the goiter statistics in the United States 
(Chap. 12) would not appear as innocuous as they are today. 


Nutrition Progress through Technology 


Whenever modern methods of food manufacture are discussed in 
relation to the nutritive value of foods, it seems inevitable that a negative 
aspect—partial losses of a number of vulnerable nutrients during proc- 
essing—will receive the glare of the limelight, while the large number 
of advantages are ignored or taken for granted. What is largely disre- 
garded is the fact that urbanization is an integral part of our civilization 
and the supply of food to an urbanized society entails food preservation 
and the manufacture of easily distributed and prepared food products. 
Furthermore, it is only because of the advances of modern food tech- 
nology that the wide variety of foods, now taken for granted, exists at 
all and serves to balance the public nutritional intake. Advances in proc- 
essing, preservation, and transportation of foods have been as important 
to the improvement of the nutritional standards of the population as 
advances in sanitation and pharmacology to its relative freedom from 
contagious diseases. There is no season of the year when an extensive 
variety of fresh and processed foods in liberal quantities is not available 
to the smallest community. Processed fish and seafoods are available 
where none were known, citrus fruits have become commonplace where 
sources of ascorbic acid had been scarce, and the sometimes monotonous 
diet of the farmhouse has become enriched and varied, all with the 
aid of advances in food technology. 

Processed food products which in their advent were looked upon as 
expensive novelties soon came to occupy prominent places in the popular 
dietary and now serve to enrich the diet and to advance the cause of 
public health. The best example is, perhaps, the impact of modern proc- 
essed foods on infant nutrition. There is no doubt today that infants are 
better nourished and enjoy a greatly reduced morbidity because of the 





NUTRITION AND MODERN FOOD TECHNOLOGY 387 


production of sanitary, processed sources of milk and the addition of a 
wide variety of processed food products to their diet which contribute 
essential nutrients seldom supplied before when they were needed most. 
In brief, food processing has become an inseparable part of our civiliza- 
tion. It has innumerable advantages and some disadvantages. The former 
have raised our standards of nutrition, while the latter can, as enrich- 
ment has shown, be obviated with some enlightened thinking. 


CHAPTER 4) 


NUTRITION IN RELATION 
TO COMMUNITY HEALTH 


Nutrition may be defined as the science of foods and their relation to 
life and health. The preceding chapters have made the connection be- 
tween nutrition and physiology abundantly clear, and further words 
are not needed to emphasize that a state of individual optimal health is 
not feasible without adequate nutrition. In the same vein, the general 
standards of health of a population are apt to be low wherever nutrition 
is inadequate. Thus nutrition and nutrition education are fundamental 
determinants, together with sanitation, preventative medicine, and 
others, of the over-all concept of public health, and the nutritionist or 
dietitian is an indispensable member of the public health team. 


Practical Aspects of Public Health Nutrition Work 


The ramifications of public health nutrition work are seemingly endless. 
The objectives of public health nutrition efforts are to prevent disease 
and promote physical well-being through improvement of the nutritional 
status of the population. In furtherance of this aim the public health 
nutritionist works with official and voluntary health agencies, schools 
and colleges, social and welfare agencies, institutions and individuals, 
in an advisory and educational capacity. Such work may take the form 
of food surveys or clinical and laboratory studies to ascertain and define 
local needs or of home visits to ferret out nutritional problems and to 
suggest solutions; it may call for practical advice on such topics as nu- 
trition in pregnancy, child feeding, family meal planning, proper cooking, 
weight control, geriatric nutrition, or special diets in disease. It may 
involve the organizing of educational campaigns complete with placards, 
exhibits, radio and television slogans, or the teaching of the basic tenets 
of good nutrition in local schools. The nutritionist or dietitian in public 
health work may have to extend consultation on food service and diet 
planning to institutions or homes for the chronically ill or aged who 
do not have the benefits of a house dietitian; he may have to develop 
teaching aids, good-breakfast projects, and animal nutrition demon- 
strations for schools or aid in the training of school-lunch personnel. 
The work may include consultation to social welfare agencies on foods, 
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their nutritional values, and wisest use in low income family budgets. 
It may require participation in nutrition research projects or the con- 
ducting of diet interviews with patients in out-patient clinics, and it may 
on occasion call for educational talks to community groups. 

Medical nutrition is an important and growing area of specialization 
for physicians engaged in practice, research, and teaching, especially in 
schools of medicine and public health. 


Dietetics 


Sir Robert Hutchinson defined dietetics as the science of applying 
the hitherto discovered facts about food and its use in the body to the 
feeding of the individual, the family, and the nations. One major aspect 
of the work of dietetics is to feed and maintain the sick; another just as 
important aspect is the education of the individual and the public in the 
best ways of nourishing themselves to prevent ill health. 

In hospitals and sanatoria, the professional dietitian is in charge of 
diet planning and of the food service management. The hospital dietitian 
is also responsible for elicitation of diet histories from patients, for in- 
struction of discharged patients in the planning of their maintenance 
diets, for the preparation of standard house diet manuals, and for teach- 
ing the principles of nutrition to student nurses. Here again, particularly 
in conjunction with dietary management of ill patients, the professional 
dietitian is an indispensable member of the health team, public or 
private. 

The work of the professional dietitian is not limited to the therapeutic 
application of the knowledge of nutrition; increasing numbers of dietitians 
are active in preventive capacities, as it were, in charge of meal planning 
and food service administration in institutions other than hospitals, in 
large hotels and restaurants, and in school and industrial plant cafeterias. 
The latter two represent particularly fertile fields for the practice of 
preventive public health nutrition. 


In-plant Feeding in Industry 


Ever since World War II increasing attention has been paid to the 
relationship between the efficiency and individual output of workers and 
their food intake. It has been shown in a number of studies that in the 
long run inadequate diets reflect on individual productivity. The poorly 
nourished worker, though outwardly healthy-appearing, may show more 
fatigue, may lose more time due to illness, and may be less efficient and 
more accident prone than his well-nourished counterpart. While in many 
industrial plants food supply is still considered a personal problem of 
the worker, an increasing number of industrial concerns and large offices 
have established systems of in-plant feeding at low cost for their em- 
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ployees as a matter of public spiritedness, convenience, and employee 
relations and morale, as well as of enlightened self-interest. Because of 
the tremendous number of people involved, providing this large segment 
of the population with well-planned, adequate nutrition for at least one 
meal per day makes industrial or office food service an important con- 
sideration in public health thinking. The office or plant cafeteria not only 
provides the opportunity for the individual employee to obtain foods 
which will maintain him or her at a desired peak of physical efficiency 
throughout the greater portion of his working hours, but good food habits 
fostered by a well-planned meal pattern may influence the individual's 
general health and thus, indirectly, his productive life span. 

It would be futile to draw up detailed specifications as to what the 
individual worker should eat in order to meet his nutritional require- 
ments; the person eating in the office or plant cafeteria will select his 
own food largely according to his gastronomic preferences, long-standing 
food habits, and economic ability. It is important, however, that the 
cafeteria subtly influence this choice by providing desirable food items 
at low cost and that adequate nourishment be available at advantageous 
times to prevent excessive soft-drink-and-candy meal breaks and belated 
automat-coffee breakfasts. Direct education by leaflets and posters is 
also a good investment. 

The nutritional needs of the industrial worker are largely the same as 
those of any other adult except for the intake of calories; the latter is 
determined by the physical exertion required by the individual job. 
(Since thiamine requirements are roughly proportional to the caloric 
intake, the thiamine intake must also increase in the case of jobs requiring 
unusual physical exertion. See Chap. 11.) Adequate breakfasts which 
provide more than just coffee and toast are needed to sustain physical 
activity and peak mental alertness throughout the entire morning and 
to prevent a late-morning slump. A morning meal which contains sub- 
stantial amounts of protein, fat, and carbohydrate results in a less acute 
postprandial hyperglycemia than a meal which supplies primarily carbo- 
hydrates. The elevated postprandial blood glucose levels which follow 
the well-balanced type of meal return to depressive low fasting levels 
much more slowly, thus facilitating a sustained effort without an acute 
need to draw on reserves. It is therefore in the interest of the employer 
to make breakfast service of the more desirable type available in the 
employees’ cafeteria, especially in view of the fact that a large proportion 
of industrial and office workers limit themselves to a toast-and-coffee 
type of breakfast, taken hurriedly at home or at a quick-service fountain 
before entering the office or plant. 

Meal service should be planned with the view to satisfying from one- 
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third to two-thirds of the daily nutritional requirements in two meals, 
and it is essential that the main meal, lunch, provide at least one-third 
of the daily nutritive needs. Workers on “swing” and “graveyard” shifts 
should have the opportunity to obtain a satisfying, balanced meal since 
they are often nutritionally penalized because of their odd working 
hours. It is also highly desirable to have a “skeleton service” available 
outside of major meal times, particularly during minor breaks; such 
service should provide sandwiches (packaged, if necessary), milk or 
chocolate milk drinks, and citrus and tomato juices as an alternative to 
the usual vending-machine fare of coffee and candy. 


School Lunch Program 


The major points mentioned in connection with in-plant feeding apply 
equally well to school lunches. The principal difference, which is of 
utmost importance from the standpoint of fostering good nutrition, is 
the circumstance that here children and adolescents are involved who 
require guidance in food choice even more than adults, and that the well- 
planned school lunch provides an excellent opportunity to establish 
desirable eating habits in young individuals who are still in their forma- 
tive stages and whose food preferences have not yet become overly rigid. 

In this country the Federal School Lunch Program has been established 
to encourage the feeding of nutritionally desirable meals at low cost to 
school children. A system of Federal reimbursement of a portion of the 
cost of those meals which meet certain nutritional requirements serves 
as the inducement for compliance with desirable nutrition standards. In 
this program, a so-called Type A lunch is planned to provide one-third 
of the child’s daily needs. Such a lunch must include at least the follow- 
ing: (1) one-half pint of whole milk; (2) two ounces of lean meat, 
poultry, fish, or cheese (or one egg, or % cup of cooked beans or peas, 
or 4 tablespoons of peanut butter); (3) a %-cup serving consisting of two 
or more vegetables or fruits or both; (4) one slice of whole grain or 
enriched bread (or a serving of biscuits, corn bread, rolls, or muffins); 
(5) 2 teaspoons of butter or fortified margarine. In the normal course 
of events, other components and food items are usually added to the 
school lunch to round off the meal gastronomically, to provide additional 
calories, and to add bulk and satiation value to the meal; the latter 
considerations are particularly important in the case of adolescents 
whose total requirements exceed those of children of grade school age. 

Participation of schools in such a nutritionally desirable program is 
voluntary, just as the partaking on the part of the student of lunch meals 
at school is entirely voluntary. Thus not all students actually consume 
school lunches of laudable composition, but the majority have the 
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opportunity to avail themselves of such meals, and the educational impact 
of desirable food choices fostered by well-planned school lunches is not 
to be dismissed lightly. 


Nutrition Education 


Whenever the composition of the diet of different population groups 
is examined, it is usually observed that dietary adequacy increases as 
income rises. It is obvious that the chances for better diets increase with 
a higher per capita expenditure for food; however, once a certain mini- 
mum level of subsistence has been exceeded, the nutritional quality of 
the diet is no longer determined by cost alone and the factor of choice 
becomes paramount. Though ideally the selection of food should be 
determined primarily by nutritional considerations, gastronomic pref- 
erences, and family food habits acquired in childhood, regional or 
cultural food patterns as well as economic ability usually have the last 
word on the subject. 

Since everyday application of nutrition knowledge lags behind the 
pace of scientific advances in the field, a significant proportion of the 
population does not enjoy the high level of health and mental and 
physical vigor which is potentially attainable. Nutrition education ap- 
pears by far the most promising means to close this gap. Moreover, 
responsible nutrition education is equally essential for correcting misin- 
formation as it is for conveying reliable information. Much the same 
happens in a new territory opened by science as in a newly discovered 
gold field; among others, adventurers rush in, and some of the ore mined 
lacks the true color of gold. Faddists and charlatans interested in quick 
profits are active in the popular realm of nutrition, and the attendant 
damage is best prevented through authoritative, trustworthy educational 
information. 

The over-all objective of nutrition education is to foster and establish 
nutritionally sound food practices. Changing the food habits of adults 
is particularly difficult since personal habits become rigid and ingrained 
with the passage of time. (Improved dietetic habits among the middle- 
aged and elderly will probably not be overly influential in the prevention 
of chronic, degenerative disease because of the damage well established 
in many individuals after a lifetime of faulty nutrition.) A strong moti- 
vation is usually required to make basic changes in faulty food habits, 
and even then the outcome is in doubt, as evidenced by the failure of 
most obese people to maintain a normal weight even after a temporary 
reduction which had been achieved by heroic means. Education toward 
desirable food habits is probably most successful in sick adults provided 
the special diet or changed food pattern is directly concerned with 
recovery and subsequent maintenance of health. It is doubtful, indeed. 
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whether major and lasting voluntary changes in food habits can be 
wrought in many healthy adults unless very powerful motivation is 
provided. Nevertheless, a constant effort by physicians, medical societies, 
public health nutritionists, dietitians and nurses, community health coun- 
cils, industry, informed parents, and the educational sections of mass 
media of communication and entertainment is beneficial in steadily shap- 
ing popular food habits. 

Nutrition education has a particularly fertile field among the young, 
and the greatest promise lies in introducing desirable food attitudes 
where personality traits and personal habits have not yet fully solidified. 
Thus modern pediatric practice in infant feeding introduces the use of 
eggs, citrus juice, fruits, vegetables, and meat early in life and helps to 
accustom the infant to foods which should become part of his future 
meal pattern. The cooperation of parents is essential at this point, but it 
is usually obtained without great difficulty and considerably more readily 
than in the reverse case when the adult is the subject of the indoctrina- 
tion. 

Nutrition education in the classroom is of particular importance. Prac- 
tical classroom projects are fruitful means of illustrating and bringing 
to life the more abstract teaching of elementary principles of good nu- 
trition, especially in the lower levels. Teaching programs in schools tend 
to carry over into homes, and emphatic desires voiced by children often 
bring a food to the family table which otherwise would have little 
chance of appearing there. Practical indoctrination in the form of well- 
devised school lunches may also aid in changing food patterns in families 
of children who receive such meals in their schools. 

Adolescents are particularly in need of nutrition information. On the 
one hand, this age group is noted for its poor food habits; on the other, 
its nutritive requirements are greater than those of most adults. Girls are 
particularly affected since many of them compound the demands made 
by growth with the physiologic stress and strain of early pregnancies. At 
the same time most adolescents, having a strong interest in personal, 
physical improvement, represent a fertile field for the seeds of nutrition 
education. Perhaps the key figure in the battle for future longevity and 
optimal health is today’s teen-age girl. It is she who will soon bear 
children and who will influence by her dietetic practices the start which 
they get in life, and it is she—as the meal planner, cook, and food pur- 
chaser—who will determine the food pattern and shape the eating habits 


of her entire family. 


Outlook 
The science of nutrition has progressed a long way since the early 
days of Lind, who, more than two hundred years ago, cured scurvy with 
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lemon juice in well-controlled experiments. In this country the nutritional 
level has risen tremendously as a result of a fortunate interplay of ad- 
vances in the science of nutrition and the technology of foods and a 
rising standard of living. Because of this improvement of the national 
dietary, a new generation is growing up which is larger, healthier, and 
more resistant to disease than its earlier counterparts. Nutrition education 
is gradually becoming part of the general program to improve communal] 
health and contributes to the reduction of hidden and overt malnutrition. 
The once-prevalent classical malnutrition diseases—rickets, pellagra, 
goiter, and infantile scurvy—have all but disappeared. Overnutrition has 
become the national nutrition disease, and the attention of clinical nu- 
trition research has shifted from deficiency diseases to the elucidation of 
the role of diet in the causation of chronic degenerative diseases. 

Elsewhere, in the less developed areas of the world, the need for better 
nutrition, and particularly for economically available sources of protein, 
continues unabated. The elucidation of the etiology of the world-wide 
syndrome of kwashiorkor has done much to clarify specific nutritional 
needs in these areas. Local physicians, nutritionists, and government 
agencies, special teams of the World Health Organization, the Food and 
Agriculture Organization of the United Nations, and governmental and 
private institutions are endeavoring, within the limits imposed by the 
prevalent poverty, to raise the standards of nutrition and to teach the 
people to help themselves and to meet the human need for food and 
health. 

The over-all advances in the knowledge of human nutrition have been 
outstanding, and if some answers have so far eluded today’s investigators, 
they will be found by the one who usually has the last word, the scientist 
of the future. The current incidence of cardiovascular diseases, renal dis- 
eases, and diabetes illustrate the opportunities that challenge nutrition 
scientists in their explorations. Just as the classic public health efforts de- 
voted to sanitation and control of infection were instrumental in ad- 
vancing yesterday's standards of health, we can expect that the science 
of nutrition will make crucial contributions to the future prevention of 
disease and to the continued advancement of human welfare. 
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COMPOSITION AND 
NUTRITIVE VALUE OF FOODS 


Introduction to Tables 


The tables of food composition which follow are based largely on 
similar tables in Handbook 8 of the U.S. Department of Agriculture and 
on the second, revised printing of the third edition of Nutritional Data, 
(H. J. Heinz Company). Additional data have been included whenever 
available in reliable published literature. In the case of multiple values, 
representative averages were obtained and used. 

The nutrient content of foods has been indicated by single figures, repre- 
senting average values, rather than by ranges. Ranges, unless defined 
in terms of standard deviation and number of samples analyzed, with 
their sources, are unreliable. Most food analyses are not reported in 
such detail. 

Furthermore, there is many a slip betwixt the crop and the lip. 
Harvesting, transporting, storing, processing, and final preparation for 
the table are all stages at which nutrient losses can occur. “Fresh” foods 
may have been in storage for an unknown time when purchased. The 
nutritive value of canned foods and the effects of storage are well known 
and documented as the result of extensive studies carried out by the Na- 
tional Canners Association in collaboration with leading universities. 
Similar information is now available on frozen foods. 

The following tables represent the best information available at the 
present time. Although they are adequate for preliminary calculation of 
diets and satisfactory for routine calculations of nutrient contents of 
diets, very precise work would seem to require laboratory analyses of 
the individual foods as consumed. This is particularly true of vitamins, 
which may vary considerably. 


Notes Concerning Components 


Proximate composition of food is the term which has come to be applied 
to the proportion of water, fat, carbohydrate, protein, and ash present 
in the food. Each component is made up of substances having some 
properties in common but may include smaller amounts of substances 
that are unrelated chemically. 
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Water content includes volatile substances in addition to free water. 
Most of the figures are based on loss of weight on drying to constant 
weight, either in a vacuum or air. 

Protein values are calculated by multiplying the total nitrogen content 
by a suitable conversion factor. Foods also contain nonprotein nitrogen 
compounds, such as amino acids and the purine bases. Where the non- 
protein nitrogen is fairly large, the figures for protein content have been 
adjusted to more nearly represent the sum of the true protein and amino 
acids present. 

Fat refers in the main to ether extractable materials. These include, 
in addition to the true fats, or glyceryl esters of fatty acids, various fatty 
acids, sterols, chlorophyll, and other pigments. 

Carbohydrate is also called “total carbohydrate by difference.” It is 
the difference between 100 per cent and the sum of the percentages of 
protein, fat, ash, and water. It includes sugars and starches which the 
body uses entirely and also includes other forms of carbohydrate which 
the body uses to a lesser degree if at all, such as cellulose, lignin, 
pentosans, and some organic acids. 

Fiber is that portion of the sample which resists solution when boiled 
in dilute acid and dilute alkali. It is usualy composed of cellulose, 
hemicellulose, and lignin. 

Calories are complicated. They are determined by multiplying the 
figures for percentage composition of protein, fat, and carbohydrate by 
factors dimensioned in calories per gram. For almost fifty years nu- 
tritionists got along very nicely with the factors of 4, 9, and 4, which were 
calculated by Atwater, who determined data on energy yielding nutrients 
and coefficients of digestion for a large number of common foods. The 
physiologic energy value was derived from these by applying heats of 
combustion values to the digested nutrients and deducting a correction 
for loss in the urine. The Atwater factors were designed to facilitate the 
physiologic energy of average United States diets. They do not work so 
well when applied to diets of different types and to individual foods. 

A committee of the Nutrition Division of the Food and Agriculture 
Organization of the United Nations has suggested the use of modified 
Atwater factors in computing the energy value of foods. These new values, 
published in the FAO pamphlet Energy Yielding Components of Food 
and Computation of Calorie Values (May, 1947), were largely used in 
computing caloric values in the following tables. Their recommendations 
are summarized below. 

This method of calculating caloric values has the disadvantage that 
it is much more difficult for the user of a table to check the compiler’s 
arithmetic without knowing the specific factors used in the calculations. 

Calcium, phosphorus, and iron represent the total amounts of these 
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CaLoric CONVERSION Factors 
a 





Food group Protein Fat Carbohydrate 
(Cal/Gm) (Cal/Gm) (Cal/Gm) 

RR a id as Ag oe <4 inde « 4.27 8.79 3.87 
IRI Si ee Ged ee a 4.27 9.02 

Ee ee eee Oe a ae 4.36 9.02 

SRTAG hah o bebe nape scl eanss ah 8.79 

SD ARE by eae ne ae a ae 9.02 

BET CAEN ihe 24 yes o.5.8e e << oie 3 Renee 8.84 

Cereals, 100% extraction........... 3.59 8.37 3.78 
Ba-93%, extraction’. .... 26.55.25 3.78 8.37 3.95 
wey 4%, extractiOn~ ©. .3.cc0s sees 4.05 8.37 4.12 
ge ae a 3.87 8.37 4.12 
Dry beans, peas, and nuts.......... 3.47 8.37 4.07 
RE Vy UUs ss ka ka orn eo 3.47 8.37 4.03 
PEIIOR TONE rte 5 das nh BA, ix gw 8° 400s = aI 8.37 3.99 
OES, AE ll ae 3.36 8.37 3.60 
ES AD fn eee er eae wire Roel 3.87 


elements present. The calcium in foods containing relatively large amounts 
of oxalic acid (such as spinach) is not all available. Data on the biologic 
availability of iron in different foods is limited, and short-cut chemical 
methods for estimating availability (such as the reaction with a- and o’- 
dipyridyl) are not entirely reliable. The phosphorus in phytates is rela- 
tively unavailable, and these salts of inositol hexaphosphoric acid may 
tie up some dietary calcium and iron in the intestinal tract. 

Vitamin A values are expressed in International Units. They have been 
based in part on biologic assay and in part on physical or chemical deter- 
minations of vitamin A itself or one of its precursors. For these tables, 
values expressed as micrograms of carotene were converted to Interna- 
tional Units of vitamin A on the basis that 0.6 »g of beta carotene 
and 1.2 pg of other carotenes had vitamin A activity equivalent to 1 IU. 
of vitamin A. 

B vitamins. Methods of extraction and assay for the three B vitamins 
included are still in the process of development. New procedures are 
giving greater sensitivity and precision, but these have not been applied 
to a great many foods. Consequently, many of the values in these tables 
are based on older methods. There is still considerable doubt concerning 
the adequacy of present methods for the release of bound forms of 
riboflavin. Niacin values in these tables were derived from data in the 
literature measuring niacin, niacinamide, and related active compounds; 
they do not include niacin potentially available through conversion of 
tryptophan present in the particular food item (Chap. 11). 

Ascorbic acid values are based on determinations of reduced ascorbic 
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acid, since this is the form in which nearly all this vitamin occurs in 
fresh products. Foods that have undergone processing or storage, how- 
ever, may contain significant quantities of the oxidized form (dehy- 
droascorbic acid). This would lead to underestimation of the vitamin C 
value of foods, except that some foods contain interfering substances 
(such as sulfhydryl compounds ) which react chemically like the vitamin 
but do not have the same physiologic activity. These reductones are 
found especially in foods having a high carbohydrate content which 
have been subjected to heat or unfavorable storage conditions. 

Average portions were a problem. The sizes and weights given are 
only approximations and have very little statistical significance. Dietetic 
scales should be used to weigh portions in any precise work. 


Signs and Symbols Used 


Dashes show that there is no value for a constituent reported in the 
literature, although it seems reasonable to assume that it should be 


present. 

Trace (abbreviated Tr.) is used to indicate values that would round 
to zero with the number of decimal places carried in these tables. Zero 
means that, for all practical purposes, there is not enough of a constituent 
present to worry about. 


CONVERSION EQUIVALENTS* 


1 level standard teaspoon (tsp) = 5 ce, or % fl oz 
1 level standard tablespoon (tbsp) = 15 ce, or \% fl oz 
1 fluid ounce (fl oz) = 29.6 ce 
1 measuring cup = 237 ce, or 8 fl oz 
1 quart (2 pints, 4 cups) = 947 ce 
1 pound (lb) = 454 Gm 
1 ounce (avoirdupois) = 28.3 Gm 
1 kilogram (kg) = 2.2 Ib 
1 liter = 1.057 qt 
100 cubic centimeter (cc) = 314 fl oz 


Il 


* Values are slightly rounded off to yield practical, workable figures. 
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TABLES OF FOO 
CONSTITUENTS OF 100 G 


PROXIMATE COMPOSITION | MINERALS 








Total : Pho: 

NAME Carbohyd- Calcium 
rates mg. 
Gm. : 


phor 


DAIRY PRODUCTS 











Bil lerae eee ee ee 716 

Utter kg ee 36 

CHEESE 
Blue mold 2. == 368 0 
@heddar yess eee 398 0 
Cheddar, processed ...! 370 0 
Citievess 2 te 95 0 
Cream cheese ........----- 371 0 
SWiSSme eg eee 370 0 
Swiss, processed -..._.... 355 0 

Cream, lieht esa 204 0 

Cream, whipping —_... 330 0 

Ice Cream, plain ........__.. 207 0 

MILK, COW 
Fluid, whole -............... 68 ey 0 
Fluid, nonfat 20. 36 : 8 0 
Evaporated, cnd. _...... 138 1.5 0 
Non-fat solids, ry a 362 7.9 0 
Malted, beverage _____. 104 1.0 0 
Chocolate flavored _... 74 8 0 

Milk, goat, fluid... 67 | 0 

DHETHCU 62 ec 12 4 as 

Whey, driedic =..2 | 344 TT 0 

FATS, OILS AND SHORTENINGS 

Utter eee ee 716 6 4 

Fats, cooking, vegetable} 884 0 0 

PATO et ok bie 902 0 0 

Paarpariie. cs * 720 6 { 

Mayonnaise —... 708 is 3.0 

Oils, salad or cooking...| 884 i ple 0 

Salad dressing, French...|_ 394 6 20.3 

malt patk, facto. 783 8.9 0 

FRUITS 

BERRIES 

Blackberries, raw 57 

Blueberries, raw 61 


Blueberries, cnd., sweet.| 98 





TABLES OF FOOD COMPOSITION 403 


COMPOSITION 
OF EDIBLE PORTION 


/ AVERAGE PORTION 


Total peaintg 
Calories atten s 

1 tbsp. 14 

1 cup 244 

5 0 1 oz. blue 28 
0 0 loz. {i cube) #26 
9 0 1 oz. cheddar 28 
x) 0 1 oz. cottage 28 
4 0 1 oz 28 
9 0 ik voy 28 
9 0 1] oz. 28 
SI ] 1 tbsp. 15 
0 ] 1 tbsp. 15 
3| 1 1 slice 81 
ol 1 cup 244 
el 1 cup 246 
2 ] cup ray 4 
6 ] 1 tbsp. 8 
al 1 cup 270 
l 1 1 cup 250 
1 3 ] cup 244 
0 4%: ly cup 96 
8 paar e — 

al 0 1 tbsp. 14 

0 0 1 cup 200 

0 0 1 tbsp. 14 

0 0 1 tbsp. 14 

0 0 1 tbsp. 13 

0 0 1 tbsp. 14 

0 0 1 tbsp. 15 

9 0 2 ot. 60 

1 cup 144 

1 cup 140 
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PROXIMATE COMPOSITION | 





TABLES OF FOO 
CONSTITUENTS OF 100 ¢ 


MINERALS 





NAME 


FRUITS—Continued 


Cranberries, raw -.-..-.---- 
Cranberry sauce, 
cnd>ssweeti = 
Currants, red, raw........- 
Gooseberries -.........-..-.---- 
Loganberries, raw .......-- 
Raspberries, black, raw-. 
Raspberries, red, raw...... 
Raspberries, red, frz....... 
Strawberries, raw ......----- 
Strawberries, frozen ..... 


— 


mMonrtnnrowonme 


ON IETRN OLS J E92 OG be 
Grapefruit, raw ........- 
Grapefruit, cnd., sw.. 
semons eee 
STI CS eee a ea 
Oranges 22 
pd aI Perines ose 


MELONS 
Cantaloupes 
Honey dew 213 
Watermelon ........... 


TREE, VINE AND 
OTHER FRUITS 
ADUIES Tawa sees 
Apples, dry, unckd.._.. 
Apricots, raw —_......... 
Apricots, cnd., sw 
Apricots, dry 
Avocado 
BANANAS eee oes 
Cherries, all, raw... 
Cherries, red, sour, 
canned 


Figveend, paw. 
Figs, dried 


4 
0 
| 
al 
4 
4 
4 
Ae 





Total 

carbohyd- es 
rates 
Gm. 


Kae 








mm RSD ee ©9 ©95 — ND 


SIOou pn 
ronrwhN—— 
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VITAMINS 


Nien 


— 


mm 9 


as 
0 
8 
‘o 
3 
al 
ey | 
& 


Total 
Calories 


405 


AVERAGE PORTION 


1 med. (214” diam.) 
] cup 

3 apricots 

4 med. 14s, 2 tbsp. 
40 14's 

WY, 3% x 314” 

1 med., 6x114” 

1 cup pitted 


1 cup pitted 
1 cup pitted 
3,2 tbsp. sirup 


1 large, 1x2” 


Weight 
in 
Grams 
1 cup 113 
1 cup 277 
4 cup 55 
1 cup 150 
1 cup 144 
1 cup 134 
1 cup 123 
3 072. 86 
1 cup 149 
3 02. 86 
1 cup sections 194 
1 cup 249 
], 2” diam. 100 
1, 114” long 68 
1 med., 3’ diam. 215 
1 med., 214” diam. 114 
1 melon, 5” diam. 385 
1 2” x 7” wedge 150 
Vy sl., 34x10” 345 


150 
114 
114 
122 
150 
114 
150 
154 


254 
177 
115 

21 


406 


NAME 


FRUITS—Continued 
GRAPES, RAW 
American (slip.skin) 
European. 

(adherent skin) -.. 
Guavds, Tawe 
Papaya, ToWicesos oe 
Peaches, raw 
Peaches, cnd., sw 
Peaches itz: eSWie 
Peaches, dry, unckd..... 
Pears raw eee 
Beats cna. swe 
ESBUISS ecw eee ee 
Plums, Cnd.ssw, ae 
Prunes; dry 
Haisitis, Gry. 
Rhubarb; iz... | 


FRUIT JUICES AND OTHER FRUIT PRODUCTS 


Apple juice, frozen 

Or icanned = 
Apple sauce, frz. 

On Gn. swe 
Apricot nectar 
Fruit cocktail, 

canned, sweet -.__...... 
Grape juice, cnd., sw.. 
Grapefruit juice, 

canned, sweet ___... 
Lemon juice, cnd...... 
Lime juice, fresh... 
Olives, green 
Olives, ripe, Mission. 
Orange juice, fresh 
Orange juice, cnd.___. 
Orange & grapefruit 

juice, cnd., sw... 
Pineapple juice, cnd.. 
Prune juice, cnd.____ 
Tangerine juice, cnd 
Tomato juice, end... 


74 


50 


24 
80.2 


85.9 
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TABLES OF FOC 
CONSTITUENTS OF 100° 


MINERALS 





PROXIMATE COMPOSITION 


Total Ph 
carbohyd- ph 
rates r 

Gm. 
1.4 1.4 : 
8 4 ‘ 
1.0 6 ; 
6 shy tf eee ] 
4) # 5 ‘ 
4 1 4 
5 a 8 ] 
3.0 6 0 lt 
| 4 4 
4 A 4 
wt me a é 
4 a 2 ] 
2.3 6 Zl 8 
PA 5 2.0 12 
6 om 6 I] 


—_ 
oO 
eo 
— 


2 i 2 
3 a 5 ] 
4 B 3 ] 
4 0 4 ] 
3 ] 4 ] 
4 2 o ] 
4 0 XG l 
15°} 13.5 8 | 
1.8 21.0 8 ] 
8 2 4 ] 
8 2 4 ] 
0 1 4 ] 

o 1 4 
4 0 3 4 
9 3 4 ] 
1.0 2 1.0 l 
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COMPOSITION 
OF EDIBLE PORTION 
MINERALS | VITAMINS | AVERAGE PORTION 


















‘ Potas 
fron — SS en 
mg. * ip. 


a 


on 


—_ 









~ 


ee ee ee eg a eee 
CO oo OO — OD O98 WO az fF DOOD 


nh 


DAWA ONN om 


Total 
Calories 


Weight 
Measure in 

Grams 
1 cup 153 
1 cup, 40 grapes 160 
1 small 80 
1 med., 214x2” di. 114 
1 cup peaches 258 
4 oz, peaches 112 
1 cup peaches 160 


1, 3x214” diam. 182 
2 14's, 2 tbsp. sirup 117 


1, 2’” diam. 60 
1 cup plums 256 
4 Ig. prunes 40 
1 cup raisins 160 


1 cup rhubarb 273 


1 cup 249 
1 cup 254 
1 cup 20% 
1 cup 207 
6 02. 180 
1 cup 251 
1 tbsp. 15 
1 cup 246 
10 “mammoth” 65 
10 “mammoth” 65 
1 cup 246 
1 cup 251 
1 cup 251 
1 cup 249 
1 cup 240 
1 cup 246 
1 cup 242 
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TABLES OF FOC 
CONSTITUENTS OF 100 


PROXIMATE COMPOSITION | MINERAL 








Total P 
NAME = om carbohyd- Calcium = 
rates mg. 
Gm.. . 
GRAINS AND GRAIN PRODUCTS 
BREAKFAST 
CEREALS 
Branetiakes eee 292 3.6 10.8 1.9 4.9 78.8 61 vise 
Gornilakcs see 385 3.6 8.1 4 2.9 85.0 : 11 
Avila eck Clee 44 89.2 1.3 ail 3 9.] 0 3 
Oat breakfast cereal*___.- 396 4.0 14.5 7.0 4.3 70.2 2.0 160 
Oatmeal a ckd. = 63 84.8 2.3 ers qi 11.0 4 9 
Puffedrice*. 392 3.5 5.9 6 2.3 87.7 5 21 ] 
Puffed wheat* -.......... 355 3.8 10.8 1.6 3.6 80.2 re? 46 | 3 
Rice flakes? = 392 3.5 5.9 6 pe 87.7 5 21 ] 
Wheat flakes* _....... 355 3.8 10.8 1.6 3.6 80.2 te? 46 | ; 
Wheat, whole meal* __. 344 8.2 oa 1.7 Dal 75:3 22 46 | 3 
FLOURS, MEALS AND OTHER ARE CEO MATERIALS 
Barley, pearled, light... 349 hint 8.2 Ms 78.8 5 16 | 1 
Buckwheat flour, light..| 348 12 6.4 ie 9 79.5 Ai) 11 
Cormmerits® ck... 51 87.1 2 | 6 11.0 “| ] 
Corn meal, whole _..... 362 12 9.0 3.4 1.1 74.5 1.0 6 tle 
Corn meal, degermed* -| 363 12 7.9 le? 5 78.4 6 6 
Farinas soe 370 10:5 10.9 8 4 717.4 4 28 ] 
Flour Tye; athe = 318 11 16.3 2.6 2.0 68.1 2.4 54513 
Flour, wheat, 80% extn.} 365 1:2 12.0 1.3 7 74.1 Rs) 24°10 
Flour, wheat, 
See ELS wi ott ae 350 12 9.2 1.0 40 | 73.8 4 272 \a 
Flour, wheat, 
allspur pose* 22 364 12 10.5 1.0 4 76.1 3 16 
Flour, wheat, cake _......| 364 12 7.5 8 3 79.4 2 17 
Rice) browne. 360 12 7.5 kg i) Wl 6 39 | 3 
Rice, converted _........... 362 12 7.6 3 4 79.4 v2 24 ] 
UY ees done 362 12.3 7.6 3 4 79.4 LD 24 | 1 
- Soybean flour, defatted.| 228 11.0 44.7 ed 5.5 37.1 ons 265 | € 
PAPERS DUC) pie acs Les O 2 12 5 2 3 87 ail 0 
Se lanivgstdrys 322 eo OU 12.6 6 Pe 2 86.4 1 12 
Wale ricci | e304. 8.5 14.1 4 1.4 75.3 1.0 19 | 3 
Foi Gg Wee ee oe 361 11.0 25.2 10.0 4.3 49.5 2.5 84 {10 
BAKED AND COOKED PRODUCTS 
BREADS 
Boston brown* ____..____ 219 44.5 4.8 2a 2.6 46.0 3 185 | 1 
Cracked wheat® ____....._.. 259 36.0 8.5 23 1.9 51.4 5 83 ] 
French or Vienna*______._ 270 35.5 8.1 2./ Lev 52.0 2 24 
Raise ee oe 284 30.2 Fal 3.1 1.8 57.8 2 80 | 1 


*Enriched, fortified or restored to legal standard when one exists. 
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COMPOSITION 
OF EDIBLE PORTION 


VITAMINS AVERAGE PORTION 


Total 
Calories 


1 cup bran 

1 cup 

1 cup farina 

1 cup oats 

1 cup oatmeal 
1 cup 

1 cup 

] cup 

] cup 

4 cup wheat 


i= Pte Mae) fae) tom fie tom 
ee NS) ea eS a 


1 cup barley 
1 cup 

1 cup grits 

1 cup meal 

1 cup meal 

1 cup farina 
] cup rye 

1 cup, stirred 


0 
0 
0 
0 
0 
0 
0 
0 


Oo 


1 cup, stirred 


1 cup, stirred 
1 cup, stirred 
1 cup rice 
] cup rice 
1 cup rice 


1 tbsp. starch 
I cup tapioca 
1 cup rice 

] cup germ 


7 
coccoocococo 
coccoococcosco 


1 34” slice 
1 14” slice 
1 pound 

1 14” slice 
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TABLES OF FOC 
CONSTITUENTS OF 100 


| MINERA! 





PROXIMATE COMPOSITION 













P 
NAME pl 
BAKED AND COOKED PRODUCTS—Continued 
Rye (1/3 rye flour) -.... rips Ps a1 1.2 72°42 
White, 4% non-fat 
ule solids to" 2 | 275 34.7 8.5 3.2 oe 79 
Whole wheat —........| 240 36.6 9.3 2.6 1.5 96 
Bread crumbs, dry -......- 385 8.5 | 11.9 4.5 rr 4 Liisi 
CAKES 
ATIpeLTOnG em 270 31.6 8.4 3 0 6 
Foundation .W.| 350 25.1 5.9 | ey ol 126.71 
Prt, cathe 354 22.9 5.2 13.8 Py O7 ie 
ii se eS bond Ok 4" 26.8 6.4 8.2 1 155° 178 
SOOT e wc 291 31.8 1.9 5.0 28019 
Cor bread® ieee 49.2 6.7 4.7 4 139 ij I 
Crackers, Graham —.... 393 5.5 8.0 10.0 8 20 2 
Crackers, Saltines —.... 431 4.6 9,2 11.8 4 19 
Custard, baked —2_.__. 114 77.3 5.3 5.4 0 114 
Plerinuity se to 425 18.7 6.6 | 21.0 er 4 73 \2 
Pipette coe ree ee 350 13.8 4.2 4.8 of 69 
Gingerbread 20 if 30.4 S09 tle | 114 
Macaroni*, dry _. 377 8.6 12.8 1.4 A 2a 4 
Macaroni & cheese, ckd..}| 211 58.1 8.1 11.0 MI 19] ] 
Wining ee oe O80 37.4 8.0 8.4 | 206 | 1 
Noodles, (egg) ckd. 67 83.8 Ze 6 = 4 
Pancakes, wheat* _____ 218 55.4 6.8 9.2 41) 158 | 1 
Pancakes, buckwheat.| 176 62.0 6.1 8.4 A) 249 | 3 
PIES 
DDG oper tt ea 47.8 a | 9.5 ay § 7 
WUINCE TS Soe lt ee 43.0 2.5 6.9 5 16 
Teg Litho] @.0 dsdier iia 202 58.9 4.2 9.6 6 54 
Preeti SA 8.0 8.8 3.2 3 12 
Rolls, plain® ___-§§§§ | 309 | 28.5 9.0 5.5 = 55 
Rolls, sweet | «328 28.4 8.5 7.8 — 63 | 1 
Bye Walters gees god 6.5 12.4 1.2 2.1 50 | 4 
Spaghetti*, cooked ___ 149 60.6 Bil 6 2 9 
WVaitbies @ es Se ony 40 9.3 10.6 By 192 |2 
NUTS AND NUT PRODUCTS 
Almonds, dry 597 4.7 18.6 54.1 254 | 4 
Brazil nuts, shelled... 646 5.3 14.4 65.9 186 | 6 
Cashews, roasted __.... 578 3.6 18.5 48.2 46 | 4 


*Enriched, fortified or restored to legal standard when one exists. 


TABLES OF FOOD COMPOSITION All 


OMPOSITION 
EDIBLE PORTION 


MINERALS | 





VITAMINS 


AVERAGE PORTION 






























. Potas- : 
ae. | ee cana, | Measure _, 
1.6 1 14” slice 23 
1.8 0 1 14” slice 23 
‘4 0 1 14” slice 23 
2.6 0 1 cup crumbs 88 
3 = 0 110 | 2” sec. of 8” cake 41 
5 we 0 230 1 sq., 3x2x134”” 66 
2.8 re 0 106 2x2xl4”’ 30 
A Be 0 161 | 1, 234” cupcake 50 
1.4 ie 0 117 2” sec. of 8” cake 40 
1.9 3 0 1, 234” muffin 48 
1.9 oO 0 2 medium 14 
1.0 0 0 2, 2’” square 8 
5 xl Abe 1 custard cup 248 
<P LZ 0 1 doughnut ae 
1:3 9 0 1 fig, large bar 25 
2.5 1.0 0 127 cube 55 
2.9 6.0 0 1 cup dr, 123 
D A IL 1 cup 220 
1.6 1.5 0 1, 234” muffin 48 
5 1.0 0 1 cup 60 
1.3 1.3 qe ], 4” diam. 2a 
1.2 9 Ais 1, 4” diam. 27 
4 WA ] 1, 4” sector of 220 
a2 A ] 9” diameter 135 
8 aR 0 pie 131 
oy 7 0 5 small sticks 5 
1.8 oe 0 1 roll (42 Ib.) 39 
1.8 2 0 1 roll 55 
4.4 e 0 2 wafers 13 
1.1 A 0 1 cup 148 
1.8 slo 1, 4Y4x554xYo"| 78 
4.4 1 cup almonds 140 
ee tel uG7e Ff ir. |. 86 }  -— | —— | =< 1 cup Brazils 140 
ma) 200+ | 560+ |} --— | -63 | -19 | SP | me 1 cup cashews 140 





Then roasted and salted. 
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TABLES OF FOC 
CONSTITUENTS OF 100 


| MINERAL 








PROXIMATE COMPOSITION 











Total 
-| carbohyd- 
rates 
Gm. 










NAME Calcium 






NUTS AND NUT PRODUCTS—Continued 






















Chestnuts, fresh _..._ 191 53.2 2.8 ied 
Coconut, dry, sw. Sa Te 3.3 3.6 4.1 
Peanuts, roasted __...._.- 559 2.6 26.9 2.4 
Peau putter. a e710 7 26.1 2.0 
Pecanssra wae ee 696 3.0 9.4 dep A 
Walnuts, Eng., raw-.. 654 Bu 15.0 2.1 
MEAT, POULTRY AND SEA FOOD 
BEEF 
Chuck ckdas ee = "309 51 26 0 
Hamburger, ckd. 364 a7 22 0 
Porterhouse, ckd. ___ | 342 49 23 0 
Rabsroast, ckd ee | 319 51 24 0 
Uojb rate hole ne 233 59 27 0 
Cornnbeet cud. 2s len G 59.3 25.3 0 
Corn beef hash, cnd...__| 141 70.4 Load heya 
Dried or chipped beef | 203 47.7 34.3 0 
Roast beef, cnd_......_.| 224 60 25 0 
LAMB 
Medstat raw .e 35 Ce) y 55.8 15.7 0 15 
Rib chop, raw__..........| > 356 51.9 14.9 0 ] 
RAD; chap, eku. ee 418 40 24 0 2 
Lee roast; raw...) 235 63.7 18.0 0 2 
Leg roast, ckd. I 274 56 24 0 25 
PORK 
Bacon, fried _:....._| 607 13 25 
Bacon, Canadian, raw_.| 23] 56 | 
Ham, fresh, raw._.....__| 344 53 15.2 


Ham, cured, ckd.......__| 
Pork luncheon 

Meat cod) eee 289 55.2 14.9 
VEAL 
Veal, ‘med. fat... 
Veal cutlet, ckd.... 


397 39 23 


190 68 19} 
219 60 28 


Stew meat, ckd... 296 53 25 
VARIETY MEATS AND MIXTURES 
U3 Sg: 5 61 So See A Nes 125 78.9 10.4 


Chile con carne ____ 200 66.9 10.3 
Heart, beef, raw. 108 Tie 16.9 
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COMPOSITION 
OF EDIBLE PORTION 






MINERALS VITAMINS AVERAGE PORTION 








Total 


Calories pesswe 


20 chestnuts 
1 cup shreds 
1 cup 

1 tbsp. 

1 cup of 14's 
1 cup 14's 


3 oz. chuck 
3 oz. ground 
3 oz. steak 

3 oz. roast 

3 oz. round 
3 oz. corned 
3 oz. hash 

2 oz. dried 

3 oz. roast 


So eo ooo oo 


302. 

4 0z. chop 
4 oz. chop 
3 OZ. roast 
3 Oz. roast 


ooooo 


2 sl. bacon 
4 oz. bacon 
3 oz. ham 
3 oz. ham 


oococo 


2 OZ. 


o 


4 02. 
3 oz. cutlet 
3 oz. 


3 oz. brains 
1/3 cup 
3 oz. heart 


*When roasted and salted. 
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TABLES OF FOO 
CONSTITUENTS OF 100 G 


PROXIMATE COMPOSITION | MINERALS 


Total Pho: 
NAME Cal- carbohyd- pec: 
ories rates : sal 


VARIETY MEATS AND Perec feed Rees 

















Kidneys, beef, raw... 74.9 | 15.0 8.1 a hee 
Liver, beef, raw... a 69.7 | 19.7 3,2 7 | 358 
Liver, beef, fried ........| 208 | 57.2 | 23.6 ee 8 | 486 
Liver, calf, raw _.___ 141 | 70.8 | 19.0 4.9 6» | 345 
Liver, pork, raw... 134 | 72.3 | 19.7 4.8 10 | 362 
Sausage, bologna _....| 291 62.4 14.8 15:9 9 112 
Sausage, frankfurter, 

Cooked (2S iP 24g 62 14 20 49 
Sausage, liverwurst | 263 59.0 16.7 20.6 238 
Sausage, pork, raw.......... 450 41.9 10.8 44.8 100 
Sweetbreads, cooked _.... 178 67.2 ap Ee 9.1 596 
Longe, Deel oo 207 68 16.4 15 187 

FISH AND SEA FOODS ; 
Bluefish, baked | 155 69.2 27.4 4.2 : 293 
Caviar, sturgeon ____..|_ 243 57.0 | 26.9 ESD ee 300 
Glamsoa Wie ene 81 80.3 12.8 1.4 Del 139 
CAG Taw s,s eet 74 82.6 16.5 A 12 194 
Cod, ‘dried... | 375 12.3 81.8 2.8 7.0 891 
Crabs, cnd. or ckd._....| 104 lise 16.9 2.9 7 182 
Flounder, raw —___-}~__ 68 82.7 14.9 5 1.3 195 
Frog legs, raw. med PVP 81.9 | 16.4 B.) | 147 
PAStIOCK, CRU oe eae 66.9 18.7 5.5 1.9 182 
Fiastnut, YAW 75.4 | 18.6 5.2 1.0 211 
Halibut, ckd, 2 82 64.2 26.2 7.8 267 
Mereing, raw) 191 67.2 18.5) 712.5 256 
Herring, kippered | 211 61.0 | 22.2 | 12.9 254 
Lobster, raw ~~~ 88 79.2 16.2 1.9 184 
Lobster cod: . 2s 92 tim 18.4 1.3 192 
Mackerel, cnd. __.._._______. 182 66.0 19.3 11.1 274 
RJysters raw ies 84 | 80.5 9.8 on 143 
Oyster :shewr ate a 91 82.6 5.3 | 5.4 : 110 
Bee EOn, ra We es he 223 63.4 17.4 16.5 | O01 0), |) 20 eres 289 
Salmon, cnd. ___._._..._| 203 64.7 19.7 13.2 289 
paraines, Gnd. 2s 814 57.4 25.7 11.0 586 
Prichards, cid, 22 200 65.2 i Be 13.5 168 
Scallops, raw | 78 80.3 14.8 4 208 
Shad, raw -.— OE Lb tit 70.2 18.7 9.8 260 
Shrimp, cnd. S127 66.2 26.8 1.4 263 
Swordfish, ckd. _....#- Ss |«178 64.8 27.4 6.8 251 
iain ond. = L108 60.0 29.0 8.2 $51 
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COMPOSITION 
OF EDIBLE PORTION 


















AVERAGE PORTION 










Weight 
in 
Grams 


Total 
Calories 






Measure 












3 oz. kidneys 86 
3 oz. liver 86 
2 oz, liver 57 
3 oz. liver 86 
3 oz. liver 86 
1x114” diam. 211 
| Ry be 51 
2 oz. liverwurst 57 
2, 314” long a5 
4 oz, tongue 115 
4 oz. bluefish 115 
1 Sears 86 
7, 4 oz. clams 115 
4 oz. cod 115 
3 1 oz. dry cod 28 
3 oz. crabs 86 
4 oz. flounder 115 
l 4 oz. frog legs 115 
1 fillet, 4x 3x14” 100 
4 oz. halibut | 115 


1 fillet, 4x 3x14” 126 
1 small herring 100 
1 small herring 100 
ly average 100 
3 oz. 86 
3 OZ. 86 
13-19 med., 1 cup 238 
1 cup, 6—8 oysters 240 
oz. salmon 86 
3 oz. salmon 86 
3 oz., drained 86 
3 oz. pilchards 86 
4 oz. scallops 115 
4 

3 

] 

3 


— — 
WDOKDHAARHDURDHDOTDARORN 


eo 


oz. shad 115 
oz. shrimp 86 
steak, 8 x 3 x14” 125 
oz., drained solids 86 
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TABLES OF FOO 
CONSTITUENTS OF 100 G 


PROXIMATE COMPOSITION | MINERALS 








NAME 


EGGS AND POULTRY 
Chicken, fryers, raw....... 
Chicken, roasters, raw--- 
Chicken’ cd == 







Chicken liver —._........... 141 
Ducky ee aa 522 
SG0se ee et 366 
Vig (eee eee. 268 
EGGS, RAW 

A 0h | Coe a tena 2 50 

BY Gh epee Soe es eee ee 361 

Vib) epee eee 162 
EGGS, DRIED 

WWiniLep. te 7 ee 398 

3 fo) |< Paes Peed eee ee 693 

WV Glen Gee 592 

SUGARS AND SWEETS 

CANDIED PEEL 

CR OOIY aeons 314 

Gingereriotti.-c = 340 

Lemon, orange, or 

Prapemyit) se 316 

Butterscotch 410 
Caramelsts-2. Jo ae 7 415 
Chocolate, sweetened, 

00d) ee Oe ee ee 503 
Same, with almonds ____ bos 
Chocolate creams _.__ 394 
MeNCAN te sk ks 352 
mudee, plain 3 41] 
Hard candy _ 383 
Marshmallows __. 325 
Peanut brittle 44] 
Chocolate, bitter 50] 
Chocolate, plain, sw....| 471 
Chocolate syrup | 209 
Cocoa, breakfast ___ 293 
Cocoa beverage, all 

Te te Se ete 95 
PIQUey eicote ss a 294 





Total 
carbohyd- Calcium ec, 


phor 
rates ‘ mg. mg. 
Gm. 

18! 

20( 

14% 

24( 

17% 

17¢ 
32( 
17 
586 
210 

135 

123 

767 
4 
90 
6 283 
8 249 
4 fe + || a ae 
0 aM ! 
L7 81.3 ‘ : 6 
0 - 99 i 
3 Bie ieee if 
8.3 aos ‘ 124 
5.5 29.2 : O§ 446 
a 62.7 of : 287 
ve 56.6 6 84 
8 48.9 4.6 71% 
10.9 : s 114 


79.5 — 16 
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COMPOSITION 
OF EDIBLE PORTION 

















MINERALS VITAMINS 









B2 


M r 
mg. easure 
























































1.8 ] breast 224 
1.5 4 oz. chicken Mila) 
1.8 3 oz. chicken 86 
7.4 2 med. livers 15 
94 4 oz. duck 115 
2.4 4 oz. goose 115 
Bis 4 oz. turkey 15 
white 31 

1 yolk Ai 

medium egg 54 

cup whites 56 

] cup yolks 96 

cup 108 

pas oz. citron 28 

Se ee eee ee een ee small piece 25 
Se | U2 Bees Pee Pe, | ee | small piece 10 
34" sq. x 34” 5 

7/4" sq. X Yo” 10 

0 347X114" xX 4” 6 

0 Same 6 

0 114” diam. x 34’ 14 

0 1” sq. x 54” 8 

Las 2” sq. x 54”” 45 

0 3, 34” diam. 8 

0 5, 114” diam. 30 

0 114” x 3 15 

0 SA" xly"xVy"| 6 

0 Same 6 

= ] tbsp. syrup 19 

0 2 tsp. cocoa 5 

] ] cup cocoa 50 

4 1 tbsp. honey 21 
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TABLES OF FOO 
CONSTITUENTS OF 100 G 





PROXIMATE COMPOSITION | MINERALS 








Total 
NAME 7 carbohyd- 

rates 

Gm. 


Cte tee ee 278 28 5 
[Cig eenecnit ree 252 34.5 2 
Molasses, cane, 
Jiptity cS ee 252 24) ees Oe 6 ele Go pee 
Molasses, cane 
blackstrap =... 213 pL ee rr eee eee msn ee Pe te 
Syrup, table blends..}| 28 25 Oi bv ern 1S sects (eA nee 
Sugars, cane 
Orn Herta 385 5 0 
Sugar, brown ..........--] 370 3 OF «i. On) 21,2 rte Oa oree pean 
Webi SUSAR ios sete 348 1.331) ook! a te, Se |e ee 
MaDIC Siigar i. 5. 348 10 pate tare) Mee! OA atta) BNR. 
VEGETABLES 
ROOTS & TUBERS 
Beet, red, raw... 42 87.6 1.6 a Dy 9 
Same, cooked _........ 4] 88.3 1.0 ai 8 8 
Same, canned _____. 34 90.3 9 ai 8 5 
CArrots-Taw 2... U 42 88.2 IZ 3 1.0 she 
Carrots, canned ....... 30 91.5 6 5 1.0 8 
Parsnip; Taw 78 78.6 1.5 5 12 Dt. 
Parsnips, cooked __.... 60 83.5 1.0 5 iff 2.1 
Potatoes, sweet, raw..| 123 68.5 1.8 off it 1.0 
Same boiled _...___. 123 68.5 1.8 it ie 1.0 
Same, candied ____. 179 57.4 1.5 6 1.3 8 
Potatoes, white, raw. 83 77.8 2.0 a 1.0 4 
Same, baked ___....... 98 73.8 2.4 el 122 5 
Same, boiled _....... 83 77.8 2.0 .l 1.0 4 
Radishes, raw .............. 20 93.6 ip mk 1.0 | 
Rutagabas, raw ......... 38 89.1 Le eR cl 8 L$ 
Rutabagas, cooked _. 32 90.8 8 mL 8 1.4 
TE TULPIAS SW pee 32 90.9 rel ie =f 1 | 
Turnips, cooked _..... 27 92.3 8 nes “f | fp? 





LEAF AND STEM VEGETABLES 


Asparagus, raw : 21 93.0 2.2 
Asparagus, ckd. _.... : 20 92.5 2.4 
Asparagus, cnd. ___ 18 93.6 1.9 
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AVERAGE PORTION 





Total 
Calories 











4 
2 
A 
a 
a 
¥ 
she 
6 
6 
a) 
| Be 
1.4 
1.2 
ca 
A 
FY 
4 


noimbinouemUeEeYaUUIHyFe2ANS 


i) 






_— 


tbsp. 
tbsp. 


_— 


_— 


tbsp. 


] tbsp. 
1 tbsp. 


tbsp. 


] 

1 tbsp. 
1 tbsp. 
P 


lL eiup, 


Measure 


jam 


jelly 
molasses 


molasses 
sirup 


sugar 


sugar 
sugar 


diced 


Weight 
in 
Grams 


iece 134”x114xl4” 30 


1 cup, ckd., diced 165 
Canned, |] cup 


Grated, 


] cup 


Diced, 1 cup 


2% cup, 


Diced, 


diced 
1 cup 


1,6 x 184” 


Boiled, 1, 5x 2.5” 


1,6 x 134”, candied 150 
1 med., 214” diam, 100 
1 med., 214” diam. 100 


1 med. 


potato 
4 small radishe 


Diced, 34 cup 
Ckd., diced, 1 cup 155 
1 cup, diced 
1 cup, diced 


6, 6” stalks 
1 cup cut spears 


6 med. 


spears 
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PROXIMATE COMPOSITION MINERALS 
Total 
Pho: 
NAME carbohyd- phar 


rates 
Gm. 


LEAF AND STEM VEGETABLES—Continued 








Beet greens, raw......--- 27 90.4 2.0 2 L.7 
Bect-ercens, cha, 22. 27 90.4 ZA) 3 ey 
Brussels sprouts, raw- 47 84.9 4.4 5 Ba 
Brussels sprouts, ‘ckd._ 47 84.9 4.4 5 1.3 
Brussels sprouts, frz..| 36 88.4 aia bs A] 
Cabbage, raw ___.._-- 24 92.4 1.4 ce 8 
Cabbage; ckdya=. 24 92.4 1.4 re 8 
Sauerkraut, cud; 22 91.2 1.4 5) ey | 
Celery, raw =e 18 REY | 4 1.1 
Chard, leaves, raw__- 27 9] 2.6 4 le? 
Chard, leaves and 

Stalks CK yee 21 91.8 1.4 a 22 
Chicory, French 

CNL Cs eee ees 4 94.2 1.6 3 1.0 2 8 
sv Ose ee 52 86.0 6 1.8 7 2.0 
Gress, water = 18 93.6 17 3 Let 3 5 
Dandelion greens, 

rok 2a (i A eet oc 44 85.8 al At 2.0 8.8 1.8 
Endive, raw 20 93.3 1.6 ae I 4.0 8 
AICS PAW ieee 40 86.6 3.9 6 By) ee 12 
ale, cit 2p ee 32 89.8 3.2 55) 9 5.6 9 
Kohlrabi, raw... 30 90.1 21 All 1.0 6.7 1.1 
Lettuce, headed ____ 15 94.8 le 2 9 2.9 6 
Mustard greens, ckd.. 22 92.2 2.3 3 Lee 4.0 8 
Onions, mature, raw 45 87.5 1.4 Hs 6 =] 
Onions, mature, ckd. 38 89.5 1.0 ae 6 oi, 8 
Onions, young green} 45 87.6 1.0 > 6 10.6 1.8 
ATSIC Vi tee eee 50 83.9 ei, 1.0 2.4 1.8 
epinach raw: 6) 20 92.7 2.3 3 1.5 6 
Spinach, ckd. —___ 26 90.8 3.1 6 1.9 3.6 1.0 
Spinach, cnd, _.._.. 20 92.3 2.3 4 1.8 3.0 “yi 
‘Turnip greens, raw. 30 89.5 24 4 1.8 5.4 12 
Turnip greens, ckd. 30 89.5 2.9 A 1.8 5.4 2 





FLOWER, FRUIT AND SEED VEGETABLES 
Arichoke wo. si. ae Gs 83.7 a 4 i 
BEANS 
Red kidney, raw....} 336 12.2 23.1 hi? 3.6 
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VITAMINS AVERAGE PORTION 















Total 
Calories 






Measure 





































cup beet greens 
cup beet greens 145 


a 


cup sprouts 100 
cup, cooked 130 
1 cup sprouts 100 


Shredded, 1 cup 100 
Ckd., diced, 1 cup 170 
Cnd., drained, 1 cup 150 
Raw, diced, | cup 100 
Leaves, 114 cup 100 


1 cup chard 145 


14 sm. head 15 
1 tbsp., chopped 7 
lf cup water cress 20 


1 cup greens, ckd. 180 
1 lb., raw 460 
134 cup kale 175 
134 cup kale 175 
1 cup kohlrabi 138 
2 lg. or 4 sm. leaves 50 
1 cup greens 140 
1, 214” diam. 110 
] cup onions 210 
6 small, less tops 50 
1 tbsp. parsley 3.5 
Raw, 4 oz. 115 
Cooked, 1 cup 80 
Canned, 1 cup 232 
Raw, lf cup 50 
Cooked, 1 cup 145 


1, 3 diam. 50 


Beans, red kidney -—— 
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PROXIMATE COMPOSITION | MINERALS 


Total 
Nant cyt | Su rs 
rates pe P pa 
Gm. 7 


FLOWER, FRUIT AND SEED VEGETABLES—Continued 


BEANS, CONTINUED 
Red kidney, cnd. 
OfeCk wo eee 90 76.0 5.7 4 1.5 
Others, raw, dry-.... 338 11.5) } e214 1.6 3.9 
Others, bkd., pork 





and molasses __.... 125 70.0 5.8 3.0 2.0 113 
Others, bkd., pork 
and tomato sauce} 113 rity 5.8 2.1 2.0 113 
Lima, green, raw....- 128 66.5 i Be 8 Ue 15§ 
Lima, green, ckd._.| 95 | 74.9 5.0 4 1.4 77 
Lima, green, cnd.__ 7k 80.9 3.8 3 1.5 Ee 
Lima, green, frz.___.. 100 73.2 6.1 Bo 1.5 102 
PE Toi ats by eee 333 12.6 20.7 1.3 3.8 381 
Snap, green, raw..... 35 88.9 aa = 8 44 
Snap, green, ckd.___. 22 92.5 1.4 Me 12 23 
Snap, green, cnd.___. 18 93.5 1.0 Al 12 19 
Snap, green, frz.__.. 27 | 91.6 1.7 | 5 33 
Broccoli, raw... 29 89.9 3.3 a. 1.1 74 
Broccoli, ckd. _...___- 929 89.9 3.3 = isi 2 
Broccoli, fra 30 90.2 3.4 3 8 63 
Cauliflower, raw ___ 25 91.7 2.4 = 8 - 
Cauliflower, ckd. 25 Lt | By i 2.4 ts 8 72 
Cauliflower, frz. 22 92.7 2.1 2 6 44 
Corn, sweet, raw _..... 92 73.9 3.7 I rs fi 12¢ 
Corn, sweet, ckd. _... 85 75.5 ay a7 9 5s 
Corn, sweet, cnd....| 67 80.5 2.0 2D 9 5 
Cucumbers, raw __ 12 96.1 uy ol - 2 
Egg plant, raw 24 92.7 1.1 ‘2 o 3 
Lentils, dry split 339 122 24.0 12 22 292 
Mushrooms, raw 2 — 16 91.1 2.4 - 3 1.1 119 
Mushrooms, canned. ll 93.0 1.4 a 1.0 9 
Okra, ‘cooked ____. 32 89.8 1.8 ad 8 6g 
Peas, green, raw. 98 74.3 6.7 4 9 12g 
Peas, green, cooked__ 70 81.7 49 4 9 129 
Péas, green, cnd. ______ 68 82.3 3.4 4 1.0 67 
eas, green, fz. 83 80.3 5.7 A 8 of 
Peas, dry, split._2. 344 10.0 24.5 1.0 2.8 268 
Peppers, green, raw..| 25 92.4 1.2 2 5 25 
Pumpkin, raw S081.00.8 4) 19.) n td eee 44 
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COMPOSITION 
OF EDIBLE PORTION 
MINERALS VITAMINS AVERAGE PORTION 
ie Le Total Weight 
and mg. || Calories moeasure ete. 
1.9 ee es 0 .05 .05 8 0 230 | Cnd., or ckd., 1 cup 255 
6.9 1 1300 0 67 23 22 2 642 | 1 cup beans 190 
S| 480 210 30 | .05 04 a 2 325 | Baked, 1 cup 260 
1.8 400 140 80 05 04 5 2 295 | Baked, 1 cup 260 
2.3 1 680 280 21 1] 1.4 32 96 | Green, raw, Y% cup 75 
La.) AS ee eee 290 14 09 121 15 152 Cooked, | cup 160 
1.7 310 210 130 04 04 Ra 8 176 | Cnd., 1 cup 249 
2.3 18] 489 220 11 06 1.14 21 75 | Frozen, 4 cup 75 
7.5 Be 1758 0 48 18 2.0 2 610 | Dry, 1 cup 183 
1.1 A 300 630 | .08 11 os 19 26 | Raw, 34 cup 75 
SSeS re 660 | .05 09 4 10 27. | Cooked, 1 cup 125 
1.4 410 120 410 03 04 res 4 27 | Canned, | cup 125 
8 2 204 570 07 11 4 7 20 | Frozen, 34 cup 75 
1.3 16 400 3500 10 21 lel 118 25 Raw, | cup 120 
1.3 cay 8 pee 3400 07 15 8 74 44 | Cooked, 1 cup 150 
8 16 244 2850 07 13 6 62 36 | Frozen, 1 cup 120 
131 24 400 90 er 10 6 69 31 Raw, 114 cup 125 
1.1 Pe 2, ape 90 .06 .08 3 28 30 | Cooked, | cup 120 
6 1] 234 33 .06 .06 A 55 27 | Frz,, li4q-cup 125 
5 3-.4 | 240-370 390 15 12 jhe? 12 92 1 ear, 8” long 100 
rm earn? | #2 390 1] 10 1.4 8 $5 i Ckd...1) ear, 5” 140 
5 205 200 200 03 05 9 5 | 140 Cnd., 1 cup 116 
p 9 230 0 03 04 a 8 6 | Raw, 6, 14”w slices 50 
A 9 190 30 04 05 6 5 60 | 2 slices 250 
7.4 3 | 1200 570 56 24 7.2 5 204 | Lentils, 4 cup 60 
1.0 5 520 0 10 A4 4.9 5 8 | l% cup, diced 50 
8 400 150 0 02 20 r aN Vi! gfe 28 | Canned, 1 cup 244 
at 1 220 740 .06 .06 8 20 28 Cooked, 8 pods 85 
19 | 370 680 34 16 | 26 74 | Peas, green, Yo cup 75 
1.9 AAs | eee 720 .25 14 2.3 15 1 | Cooked, 1 cup 60 
1.8 270 96 540 AY: 06 1.0 8 145 | Canned, 1 cup 60 
2.2 160 153 670 Bee Be 10 1.9 17 124 Frozen, 1 cup 150 
5.1 42 880 370 | .77 .28 3.1 2 689 | Dry, split, 1 cup 200 
4 6 170 630 04 .07 A 120 16 ] medium pepper 76 
8 6 480 | 3400 .05 .08 6 8 37 Raw, 34 cup | 120 
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PROXIMATE COMPOSITION MINERALS 
NAME HON Calcium is 
rates mg. mg. 
FLOWER, FRUIT AND SEED VEGETABLES—Continued 
Punipkor.cnd, -2-.4, 33 | 90.2 1.0 as) 6 7.9 20 53¢ 
SOY DEAN Uly cece 33] 7.5 34.9 18.1 4.7 34.8 22h 58E 
Soybean flour, 

Died eta bee 264 9 42.5 6.5 4.8 37.2 244 61¢ 
Soybean sprouts, raw_| 46 | 86.3 6.2 es 8 eS 48 67 
Squash, summer, raw 16 95.0 6 all 4 3.9 15 i 
Squash, summer, frz... PA 93.4 1.4 a 4 4.7 14 32 
Squash, winter, raw. 38 88.6 1.5 3 8 8.8 19 2 
Squash, winter, ckd.. 47 85.7 1.9 4 1.0 LG) 24 35 
Squash, winter, frz.... 33 89.2 lee 4 51 8.8 27 33 
SUCCOtASH a ikz eee 97 | 66.3 4.5 4 8 21.4 ld G0 
‘Tomatoes, raw -______--.- 20 | 94.1 1.0 3 6 4.0 1] 27 
Tomatoes, canned. 19 | 94.2 1.0 2 of 3.9 1] 27 
Tomato ketchup —_... 98 | 69.5 2.0 A 3.6 24.5 12 18 
Tomato puree, cnd. . 36 89.2 1.8 5 1:3 U2 1] 37 

MISCELLANEOUS 

Beer (4% alcohol) | 20-48 | 90.2 6 0 Bee 4.4 4 26 
Golfces blacks 4 99 ye OO ieee “fl +f + 
Cola beverages _____... 46 S Se os) grees be SRR Roe 12 8 ee 
Ginpertale nase MS pe bes Pea aoe ume Ss 9 DoS ewe tees il 
PORCOR Ne ae Bo 386 4.0 TPA 5.0 1.6 nosy 1] 81 
Potate! chips 2. =. 544 a1 6.7 37.1 4.0 oe 1) 30 152 
Yeast, bakers, 

compressed” 86 | 70.9 10.6 4 2.4 13.0 25 605 
Yeast, brewer’s, 

Oty ete ae = 273 7.0 36.9 1.6 7.9 37.4 106 | 1893 








COMPOSITION 


OF EDIBLE PORTION 


MINERALS 





Sodium 
mg. 





Pe | Z, 240 
8.0 4 | 1900 
13.0 1 | 1700 
1.0 ——- | —— 
4 m4 150 
6 4 169 
6 2 240 
8 SEG i ne 
1.3 2 209 
1.2 ffs 279 
6 3 230 
6 18 130 
8 | 1300 800 
A a 
0 8 46 

5 .03 16.2 
= l 52 
— 8 6 
2.7 | 2000 240 
139 340 880 
4.9 4 360 
18.2 150 | 1700 
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VITAMINS 
| Nico- 

A Br B2 tinic c 

LU. mg mg. Acid mg. 
mg 

3400 .02 .06 LO) | Fee 
110 1.07 m3 | refs) clr 
110 .82 34 2.6 0 
180 a .20 8 13 
260 .05 .09 8 7 
150 .07 .04 4 6 
4950 .05 12 Ae, 8 
6190 .05 i 6 7 
4280 .03 .07 i) 7 
167 ul .06 re if 
1100 .06 04 5 23 
1050 .06 03 “fl 16 
1880 09 .07 22 11 
1880 09 .07 1.8 28 
0 Abe. .03 As 0 
cose || ee OE Nae eee 0 
ee ee ae 
0 39 tly 22 0 
50 18 ail 3.2 11 
0 45 2.07 28.2 0 
0 9.69 5.45 36.2 0 




















Total 
Calories 
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AVERAGE PORTION 





Weight 
Measure in 
Grams 
Canned, | cup 228 
Dry, 1 cup 210 
] cup soy flour 88 
Raw, | cup 107 
134 cup, diced 250 
Ckd., diced, 1 cup 210 
134 cup, diced 250 
Mashed, | cup 205 
134 cup, diced 250 
34, cup, ckd. 210 
] med.,.2x 2144” — 150 
Canned, | cup 242 
1 tbsp. ketchup 17 
1 cup puree 249 
12 oz. beer 360 
1 cup coffee 230 
6 oz. cola 180 
6 oz. ginger ale 180 
1 cup, popped 14 
10 medium, 2” 20 
1 oz. yeast 28 
1 tbsp. yeast 8 





INDEX 


Absorption of nutrients, 17-18 
Acetoacetic acid, 68 
Acetone, 68 
Acetyl coenzyme A, 68, 94-95 
formula, 95 
Acid-forming foods, 24 
Acidosis, 68 
Adenosine phosphates, 58 
Adolescence (see Childhood and adoles- 
cence ) 
Alcohol, absorption of, 17 
Alcoholism, dietary considerations, 333- 
334 
nutritional rehabilitation in, 334 
thiamine deficiency in, 334 
Allergy, 355 
food, common allergens in infancy, 
861 
diagnosis, 357 
elimination diets, 357-360 
foods commonly implicated in, 356, 
857, 359 
in infancy, 356, 360-364 
manifestations of, 356 
permanent treatment, 360 
proteins, 42 
trial diet in suspected, 358-359 
milk, in infancy, 361-364 
milk substitutes, soybean preparations, 
862 
strained meat formulas, 362-364 
Amino acid composition of food proteins 
(table), 48—49 
Amino acids, 13, 41-54 
absorption of, 17, 43 
calorigenic action of, 31 
catabolism of, 44 
essential, 45-50 
metabolism of, 43-45 
minimum daily intake, men (table), 46 
women (table), 46 
nonessential, 46 
recommended daily intake, 46 
Aminopterin, 97 
Ammonia intoxication, 269 
(See also Hepatic coma) 
Ammonium salts, 19 
Amoebic enteritis (amoebic dysentery ), 
249 
Amphetamine, 6, 199 


Anemia, hypochromic, 113 
iron deficiency, 111-112 
macrocytic, 97 
megaloblastic, 97 
pernicious, 101, 329 
Animal proteins, biologic value of, 47, 50 
Anorexia, 6 
in emotional disorders (other than 
anorexia nervosa), 332 
Anorexia nervosa, 6 
dietary regimen, 331-332 
Appetite, 5-7 
disorders of, 5 
encouragement of, 202 
psychologic aspects, 5-7 
Appetite center, 4 
Arachidonic acid, 63, 69 
(See also Fatty acids, essential ) 
Ariboflavinosis (see Ribotlavin deficiency ) 
Arthritis (see Osteoarthritis ) 
Ascites, 271 
Ascorbic acid, absorption and storage, 
103, 104 
chemistry, 103 
deficiency, 104 
formula, 103 
losses in cooking, 104-105 
metabolic role and physiology, 103 
requirements, 105 
role in wound healing, 352 
sources, 104 
stability, 104 
therapeutic dosages, 221 
(See also Vitamin C) 
Ascorbic acid content of foods (table), 
402-425 
Atherosclerosis, 279 
primary pathology, 279 
in relation to fats and blood lipids, 
280-281 
role of blood lipids and dietary fats in, 
280-281 
Athiaminosis (see Thiamine deficiency ) 
Atwater factors (caloric conversion fac- 
tors), 899 
Avidin, 93 
Avitaminosis A, 74—75, 191, 209 
etiology, 209 
signs and symptoms, 209, 210 
treatment, 210 
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Bacillary dysentery, 249 
Basal metabolic rate (B.M.R.), 28, 29 
determination of, surface area chart 
(diagram ), 29 
at different age 
30 
Basal metabolism, 27-30 
factors affecting, 29-30 
variations in, 29 
Base-forming foods, 24 
Basic food groups, 146-147 
Benzoic acid, 24 
Beriberi, 85-86, 142, 213-215 
cardiac involvement, 214 
dry, 85, 214 
infantile, 214, 215 
wet, 85, 214 
(See also Thiamine deficiency ) 
Beta oxidation theory in fat degradation, 
67-68 
Bile, 13-14, 64, 75 
composition, 13-14 
role in digestion, 14 
Bile pigments, 14 
Bile salts, 14, 63-65 
Biliary calculi, 274-275 
dietary regimen, 275-277 
Biliary dysfunction, 75-78, 82, 273 
Biliary dyskinesia, 273 
dietary regimen, 274 
Biliary function, 273 
Biliary tract, diseases of, 273-278 
Bilirubin, 14 
Biliverdin, 14 
Biotin, 15, 92—94 
chemistry, 93 
deficiency, 93 
in foods (table), 94 
formula, 93 
metabolic role and physiology, 93 
sources, 93 
synthesis by intestinal flora, 93 
Bitot’s spots, 209 
Bleeding tendency, 82 
Blood cholesterol levels, 14, 66-67 
Blood glucose levels, 4-5 
(See also Blood sugar levels ) 
Blood lipid levels, 66 
Blood lipids, 66-67 
Blood plasma, 21 
Blood sugar levels, 57 
Body weight (see Weight) 
Bottle feeding, 162-166 
Bottle formulas, meat-based, in milk al- 
lergy, 362-364 
Botulism, 375-376 
Breast feeding, 161-162 
supplements to, 162 


(diagram ), 


levels 


British Dietary Recommendations, sum- 
mary (table), 134 
British Dietary Standards, 134 
Buffer systems, blood, 23 
Burns and radiation injury, 352-354 
fluid loss after, 353 
fluid replacement after, 353 
protein loss after, 353 


Calciferol, 77 
(See also Vitamin D) 
Calcium, 24, 106-110 
absorption, 107 
affected by oxalates, 107-108 
affected by phytic acid, 108 
in blood, 107 
deficiency, 108 
excretion, 108 
functions, 106 
requirements, 109, 111 
sources, 110-111 
utilization, 107 
Calcium content of foods (table), 402- 
495 
Caloric conversion factors (table), 399 
Caloric requirements, 33-37 
of adults (FAO) according to age, 
(table), 36 
according to weight (table), 36 
Calorie allowances according to desirable 
body weight and age (table), 202 
Calorie content of foods (table), 402-425 
Calorie expenditure, of boys (table), 35 
for different activities (table), 33 
Calorimetry, 25 
Canadian Dietary Standards, 132-134 
abridged (table), 133 
Canned foods, retention of nutrients, 382- 
383 
Canning of foods, 382 
Carbohydrases, 56 
Carbohydrate content of foods (table), 
402—425 


~ Carbohydrate metabolism, 57-59 


Embden-Meyerhof-Parnas scheme 
(diagram ), 58 

hexose monophosphate shunt scheme, 
58, 60 

Krebs cycle (diagram), 59 

Carbohydrates, 55-61 

absorption of, 56—57 

chemistry of, 55 

classification, 55-56 

digestion of, 56-57 

of nutritional importance, 55-56 

place in the diet, 61 

relations to fat and protein, 59-60 

sources, 56 
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Carbonic anhydrase, 118, 119 
Carboxypeptidase, 13 
Carcinoma of head of pancreas, dietary 
regimen, 266 
Cardiac failure, 284, 285 
Cardiovascular diseases, 279-287 
Caries (see Tooth decay ) 
a-Carotene, 74 
B-Carotene, 74 
y-Carotene, 74 
Carotenemia, 75 
Carotenoids, 66, 74-75 
Celiac disease, 75, 78, 82, 255-258 
diet in, 256-258 
dietary treatment, 256-258 
relation to protein-bound glutamine, 
255-256 
Cell metabolism, 18-19 
Cellulose, 16, 55, 56 
Childhood and adolescence, 172-182 
caloric requirements, 173 
dietary recommendations, 175-177 
other requirements, 174 
physiologic consideration, 172-173 
protein and mineral requirements, 173- 
174 
Chloride losses, with perspiration, 21 
on vomiting, 21 
Cholecystitis, acute and chronic, 277-278 
dietary regimen, 277-278 
Cholecystokinin, 14 
Choledocholithiasis, 274-275 
Cholelithiasis, 274-275 
Cholesterol, 14, 62-66 
and atherosclerosis, 280-281 
esters, 64, 66 
physiology of, 63-64 
sources of, 64 
synthesis of, 64 
Chronic ulcerative colitis, 249-253 
basic diet, 251 
sample menu, 252 
dietary regimen, 250-253 
full diet, 251-252 
sample menu, 253 
transition diet, 251 
Chyle, 65 
Chylomicrons, 66 
Chymotrypsin, 12 
Chymotrypsinogen, 12 
Cirrhosis, 53, 270 
alcoholic, 270-271 
dietary regimen, 271 
with edema, 27] 
portal (see alcoholic, above ) 
Citric acid cycle (see Krebs cycle ) 
Coagulability of blood, 66 
Cobalt, 118 


Cocarboxylase, 84 
Coenzyme A, 68, 94-95 
Coenzyme I, 89 
Coenzyme II, 89 
Colitis (see Chronic ulcerative colitis; 
Irritable colon syndrome ) 
Combined system disease, 101, 329 
Composition of foods, 138, 139 
baked goods and farinaceous products, 
408-411 
dairy products, 402-403 
eggs and poultry, 416-417 
fats and oils, 402-403 
fish and sea foods, 414-415 
fruit juices and fruit products, 406-407 
fruits, 402-407 
grains, flours, and meals, 408-409 
meat, 412-413 
miscellaneous items, 424—425 
nuts and peanut butter, 410-413 
sugars and sweets, 416-419 
table of, 402-425 
variety meats and meat products, 412- 
415 
vegetables, 418-425 
(See also Nutritional characteristics ) 
Congenital metabolic disorders, 311-316 
Congestive heart failure, 284-285 
Constipation, functional, 245, 247, 249 
Convulsive disorders, 329 
Copper, 114-116 
deficiency, 115-116 
in foods (table), 115 
functions, 114-115 
requirements, 115-116 
restriction in Wilson’s disease, 315- 
316 
utilization, 115 
Coronary heart disease, 282 
dietary considerations, 282 
Craniotabes, 78 
Creatine phosphate, 58 
Cretinism, 117 
Crude fiber content of foods (table), 
402-425 
Cryptoxanthine, 74 
Cyanocobalamin, 100 
(See also Vitamin B.) 
Cyclamates in diabetes, 238 
Cystinuria, 302 


Deamination, 44, 45 
Decarboxylation, 45 
Deficiency diseases, 207-224 
pathogenesis, 208 
Dehydration, 20 
of foods, 381-382 
Dehydroascorbic acid, 103 
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Delirium tremens, 334 
treatment, 334 
Demineralization of bone, 78, 108, 109 
Dental caries, 121, 189-190 
prevention with fluorides, 121-122 
Dental development, role of nutritional 
factors in, 190-191 
Dental health, dietary factors in, 190-192 
dietary recommendations for, 192 
relation of nutrition to, 189-192 
Dental tissues, nature and development 
of, 190 
Dermatologic aspects of specific nutri- 
tional factors, 336-338 
Desoxypyridoxine, 91 
Dextrins, 8, 13 
Diabetes mellitus, 68, 232, 238 
artificial sweetness and dietetic foods, 
238 
carbohydrate allowance, 233, 234 
complications, 232 
diet in, calculating basic requirements, 
234 
exchange lists, 236, 237 
ideal weight in, 233 
juvenile, 237, 238 
dietary considerations, 237, 238 
metabolic derangement in, 232 
and obesity, 193 
protein and fat allowance, 234-235 
selection of menu, 236, 237 
therapy, 232, 233 
uncontrolled, 26 
Diarrhea, functional, 245 
Diet(s), in amoebic enteritis, 249 © 
in anorexia nervosa, 321-322 
anticonstipation (bland), 247-249 
composition, 248 
sample menu, 248-249 
in bacillary dysentery, 249 
in biliary tract disorders, 274-278 
bland, 241-244 
composition of, 242 
food pattern, 243 
sample menu, 243-244 
after burns and radiation injury, 352- 
354 
in celiac disease, 256-258 
after cholecystectomy, 274 
in chronic ulcerative colitis, 250-253 
clear liquid, 228 
after colostomy, 349 
in cutaneous disorders, 338 
in diabetes mellitus, 232-238 
calculation of basic requirements, 
235 
in disease, 225-265 
in dyspepsia, 239-240 


Diet(s), elimination, in food allergy, 
357-360 
simple, 359-360 
in emotional disorders, 322-323 
in febrile diseases, 230-231 
full liquid, 226-228 
composition, 226-227 
indications for, 226 
sample menu, 227-228 
for gaining weight, 200-202 
in galactosemia, 314-315 
in gallbladder disease, 274-277 
after gastric surgery, 349 
in gastrointestinal disorders, 239-254 
gluten-gliadin restricted, for celiac 
disease, 256-258 
food pattern, 257-258 
sample menu, 258 
for sprue, 259 
in gout, 306-307 
in hepatic coma, 270 
in homologous serum hepatitis, 268 
after ileostomy, 349 
in infectious hepatitis, 267-268 
after intestinal resection, 349 
in irritable colon syndrome, 244-245 
ketogenic, 329 
in liver diseases, 267—272 
low calorie, 196-198 
low fat for gallbladder disorders, food 
pattern, 275-276 
sample menu, 276-277 
low purine, sample menu, 309 
low residue, 245-247 
composition, 246 
sample menu, 247 
low sodium, in cirrhosis with ascites, 
271-272 
in malabsorption disorders, 255-265 
minimum residue, 350-351 
food pattern, 350 
sample menu, 350-351 
in nephrosclerosis, 299 
nonresidue, 246 
normal, criteria, 129 
normal adult, 146-150 
daily meal plans, 147, 148 
flexibility and adaptability, 150 
in peptic ulcer, 240-244 
hemorrhage, 244 
in phenylketonuria, 312, 313 
postoperative, 347-351 
in pregnancy, meal plan, 156, 157 
sample menu, 157 
preoperative, 346-347 
proportion of carbohydrates in, 61 
purine free, sample menu, 308 


reducing, 6, 196-198 
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Diet(s), in regional ileitis, 254 
for rehabilitation after starvation, 372- 
373 
in renal diseases, 294-304 
rice, in hypertension, 287 
diet, sodium restricted, 286-293 
composition, 288-289 
in congestive failure, 285 
high protein, sample menu, 301, 302 
in hypertension, 287 
indications for, 286-287 
low protein, sample menu, 299 
mild, 292 
moderate protein, sample menu, 300 
moderately high protein, sample 
menu, 300-301 
after myocardial infarction, 283- 
284 
250-milligram sodium, 291 
500-milligram sodium, food pattern, 
289-290 
sample menu, 290-291 
1000-milligram sodium, 291-292 
soft, 229-230 
composition, 229 
food pattern, 229-230 
in surgery of lower intestine, 349-351 
therapeutic, principles of, 225-226 
trial, in suspected food allergy, 358- 
359 
in tuberculous enteritis, 254 
wheat-rye-barley-oat-free (see gluten- 
gliadin restricted, above ) 
in Wilson’s disease, 315-316 
Dietary allowances, Food and Nutrition 
Board, 129-132 
Dietary recommendations, childhood and 
adolescence, 175-177 
for dental health, 192 
during lactation, 157-158 
in old age, 186-188 
in pregnancy, 155-156 
Dietary standards, official, 129 
Dietetic foods, in diabetes, 238 
low sodium, 288 
Dietetics, practical aspects, 389 
Digestion, gastric, 11-12 
intestinal, 12-15 
physiology and chemistry of, 9-14 
salivary, 9 
Diglycerides, 14, 64 
Disaccharides, 13, 55 
Disaster feeding (see Emergency feeding ) 
Dyspepsia (see Gastric indigestion ) 


Electrolyte balance, 20-24 
Electrolyte loss, 21 


Electrolyte replacement, parenteral, 341- 
342 
Electrolytes, conservation of, 21 
depletion, 21 
Emergency feeding, 367-373 
characteristics, 367 
desirable foods for stockpiling, 370- 
371 
individual nutritional allowances, 368— 
370 
Emotional disorders, anorexia in, 332 
dietary regimen in, 322-323 
Embden-Meyerhoff-Parnass scheme of 
carbohydrate utilization (diagram), 
58 
Energy allowances, for growth, 34-35 
for lactation, 34-35 
for pregnancy, 34-35 
Energy cost of different activities (table), 
33 


Energy expenditure, boys, 35 
with different activities, 33 
Energy metabolism, 25-32 
Energy requirements, calculation of, 33- 


of children, 35 
of men, 36 
for mental activity, 33 
of women, 36 
Enrichment of foods, 385-386 
cereals and flour, 142 
Enterocrinin, 13 
Ergosterol, 77 
Ergot poisoning, 379 
Essential hypertension, 286 
dietary consideration, 286, 287 
Evaporated milk in infant feeding, 164 
Excretion of nutrients, 19 
Excretory organs, 19 
Extracellular compartment, 21 


FAO calorie standard, 135 
FAO protein standard, 135 
FAO reference protein, amino acid pat- 
tern (table), 136 
minimum requirements (table), 136 
Fat, absorption of, 14, 64-65 
digestion of, 14 
Fat content of foods (table), 402-425 
Fat metabolism, 67-68 
incomplete, with ketone body forma- 
tion, 68 
Fat soluble vitamins (see Vitamins ) 
Fat storage, 68 
Fat synthesis, 68 
Fat transport, 64-65 
Fats, 62—67 
caloric yield of, 26 
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Fats, chemistry of, 62 
in circulation, 66-67 
classification, 62 
digestion of, 64-65 
effect on stomach emptying time, 70 
levels in diet, 70 
physiologic and nutritional role, 69-70 
satiety value, 70 
saturated, 63, 65 
in relation to blood lipids, 66-67, 
280 
unsaturated, 63, 65, 67 
in relation to blood lipids, 66-67, 
280 
Fatty acids, 62-64 
absorption of, 17, 64-65 
of biologic importance, 63 
essential, 69-70 
deficiency of, 69 
sources of, 69 
metabolism, 67-68 
oxidation of, 67-68 
saturated, 63, 69-70 
unsaturated, 62, 69-70 
dermatologic aspects, 337-338 
Fatty degeneration of liver, 270 
dietary treatment, 270 
Favism, 378-379 
Feces, 15-17 
color of, 14 
Feeding problems, 168, 171 
Fibrocystic disease of pancreas, 264 
Flavoprotein enzyme systems, 87 
Fluid balance, 20-24 
Fluid compartments, 21 
Fluid intake, 20 
Fluid replacement, parenteral, 340-341 
Fluid therapy, 339-340 
Fluoridation, 121 
Fluorine, 120, 123 
deficiency, 121 
distribution, 121 
physiology, 120-121 
role of, in caries suppression, 191-192 
Fluorosis, dental, 192 
Folic acid, 15, 96-100 
chemistry, 96 
deficiency, 97 
in foods (table), 98-99 
formula, 96 
metabolic role and physiology, 97 
requirements, 99-100 
sources, 98 
in synthesis of nucleoproteins, 97 
Folic (or folinic) acid coenzyme, 
97 
Folinic acid, 96, 99 
formula, 97 


Folinic acid coenzyme, 97, 101 
Food(s), composition of, 397-425 
hypoallergenic, 356-359 peal 
nutritive losses during preparation in 
kitchen, 384-385 
nutritive value of, 397-425 
for stockpiling against emergencies, 
BOO te 
Food allergy (see Allergy) 
Food choice, 7-8 
Food constituents, caloric value of, 25— 
26 
Food diaries, 357 
Food faddism, 332, 392 
Food groups, food selection through, 146— 
149 
Food habits, 5, 7 
Food history, 357 
Food intake, psychology, 3-8 
Food patterns, 5—8, 50, 54, 61 
factors affecting, 7-8 
during school age, 175 
Food poisoning, 374—380 
due to bacterial infections, 374-375 
botulinus, 375-376 
with heavy metals, 377-378 
mushrooms, 379 
mussels and clams, 378 
poisonous plants, 378-379 
prevention of, 380 
staphylococcus enterotoxin, 376 
Food preservation, 381—385 
Food sanitation, 374-378, 380 
Food technology in relation to nutrition, 
881-387 
Food toxicology, 374-380 
Fortification of foods, 385-386 
Frozen foods, retention of nutrients, 384 


Galactose, 13, 55, 56, 57 
Galactosemia, 313-315 
diagnosis, 313-314 
dietary treatment, 314-315 
metabolic defect in, 313 


Gallstones, 274-277 


dietary regimen, 275-277 
Gastric absorption, 17 
Gastric digestion, 10-11 
Gastric hyperfunction, 11 
Gastric hypofunction, 11 
Gastric indigestion, 239-240 
Gastric juice, 8-12 

secretion of, 11-12 
Gastric lipase, 11 
Gastricsin, 11 
Gastrin, 12 
Gastrointestinal function, return of. post- 

operative, 347-348 





INDEX 433 


Gastrointestinal tract, physiology of, 9-16 
Gelatin, 47 oa si 
Geriatric nutrition, 183-188 
caloric requirements in, 184—185 
dietary recommendations, 186-187 
habits, 183-184 
meal plan, 187 
physiologic factors in, 184 
sample menus, 187-188 
vitamin and mineral requirements, 185 
Glomerulonephritis, acute, 296 
dietary regimen, 297 
chronic, 297 
dietary regimen, 297-298 
Glucoproteins, 42 
Glucose, caloric yield of, 25 
oxidation of, 57-58 
Glutamic acid, 31 
Glutamine, 44 
Glycerol, 13, 14, 62, 64 
absorption of, 17 
metabolism, 67 
Glycerophosphates, 13 
Glycogen, 4, 22, 24, 45, 52, 55-58 
reserves, 58 
Glycogenesis, 57 
Goiter, 116-117 
Goitrogenic substances, 116 
Gout, 305-309 
dietary considerations, 306-307 
dietary regimen, during acute attacks, 
307 
for quiescent intervals, 307 
metabolic derangement, 305 


Heart attack (see Myocardial infarction ) 
Heart failure, dietary regimen, 285 
sodium economy and hydration, 284— 
285 
Heat, body, dissipation of, 32 
Heat loss, 32 
Heat production, 32 
Hemoglobin, 14, 42, 111-113 
Hepatic coma, 269-271 
dietary considerations, 269-270 
Hepatitis, infectious, 267-268 
Hepatolenticular degeneration (see Wil- 
son’s disease ) 
Hexose monophosphate shunt, 58 
scheme of glucose degradation (dia- 
grain), 60 
Hexosephosphates, 13 
Hippuric acid, 24 
Homologous serum hepatitis, 268 
Hormones, 19, 44 
Household measures, conversion to metric 


values (table), 400 


Hunger, 3-5, 70 
hypothalamic regulation of, 4 
physiology of, 3-5 
Hydrogen-ion concentration, regulation 
of, 23 
Hydrogenation of fats, 62-63 
B-Hydroxybutyric acid, 68 
Hypercalcinuria, 303 
Hyperkeratinization, 209 
Hyperkeratosis, 210 
Hyperphagia, 4, 6 
Hyperpotassemia, 124 
Hypertension, 286 
(See also Essential hypertension ) 
Hyperuricemia, 305 
Hypervitaminosis A, 75 
Hypervitaminosis D, 78, 212 
Hypoallergenic foods, 356-359 
Hypochromic anemia, 113 
Hypoglycemia, insulin-induced, 233, 234 
Hypophagia, 6 
Hypopotassemia, 124 
Hypoproteinemia, 53 
in relation to wound healing, 351-352 
Hypoprothrombinemia, 15, 82, 83 
Hypothalamic regulation of appetite, 4-5 


Idiopathic steatorrhea, 75, 78, 82, 255, 
263 
relationship to defect of celiac disease, 
263 
Immunologic sensitizations, 42 
In-plant feeding in industry, 389-391 
Inborn errors of metabolism (see Meta- 
bolic disorders, congenital ) 
Individual variation in nutrition require- 
ments, 1385-138 
Infancy, nutritional needs in, 159-161 
Infant feeding, by bottle, 164-165 
by breast, 161-162 
introduction of solids, 166-168 
premature infants, 166 
solid foods, 167-168 
Infantile beriberi, 85 
Infectious hepatitis, 267 
dietary treatment, 267-268 
Inorganic nutrients (mineral elements), 


106 

Insulin, 27, 232-233, 236-238 

International Dietary Standards (see 
FAO) 

Intestinal absorption, 17 

Intestinal digestion, 12 

Intestinal flora, 12, 15, 93 

role in synthesis of nutrients, 15 

Intestinal lipase, 13, 64 

Intestinal microflora (see Intestinal 
flora ) 
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Intestine, large, physiology, 14-15 

small, physiology, 11-12 
Intracellular fluid compartment, 21 
Intravascular compartment, 21 
Intravenous feeding, 342 

(See also Parenteral feeding ) 
Intrinsic factor, 101 
Iodine, 116-118 

deficiency, 116-117 

physiology, 116 

requirements, 116-117 
Iodized salt, 117-118 
Irons et 

absorption, 112 

deficiency, 113 

functions, 111-112 

losses in man, 113-114 

requirements, 114 

sources, 114 

storage, 113 

utilization, 112 
Iron content of foods (table), 402-425 
Iron deficiency anemia, 111-112 
Irritable colon syndrome, 244-249 

diet in, 244-245 


Jaundice, chronic obstructive, 277 
dietary regimen, 277 


Karell diet, 283 
Kempner diet, 287 
Keto acids, 45, 68 
Ketone bodies, 68 
metabolism, 44 
Ketonuria, 68 
Ketosis, 68 
Kidney and urinary tract disorders, 294— 
804 
(See also Renal disease ) 
Kidney stones, 302-304 
calcium, 303 
calcium oxalate, 303-304 
calcium phosphate, 304 
cystine, 8302-303 
dietary considerations, 302 
Kilogram calorie, 25 
Krebs cycle (citric acid cycle), 58, 119 
diagram, 59 
Kwashiorkor, 53, 222-224 
epidemiology, 222 
etiology, 222 
prevention, 224 
signs and symptoms, 222-223 
treatment, 223 


Lactation, dietary recommendations in, 
157-158 
Lactic acid, 59 


Lactose, 13, 55, 56 
Lactose-galactose free diet, 314-315 
Lathyrism, 378 
Leanness (see Underweight) 
Lecithin, 14 
Lecithin esters, 66 
Leucine, 41 
Linoleic acid, 63, 69 

(See also Fatty acids, essential ) 
Lipids in circulation, 66 
Lipoproteins, 42, 66 

and atherosclerosis, 280-281 
Lipotropic factors, 67 
Liver disease, 266-272 

nutritional aspects of, 266-267 
Liver function, nutritional aspects, 266 
Liver glycogen, 58 
Low salt syndrome, 292-293 
Lycopene, 74 
Lysine, 47, 50, 51 

protein supplementation with, 51 


Macrocytic anemia, 97 
Magnesium, 24, 119-120 
deficiency, 120 
in foods (table), 120 
requirement, 119 
Malabsorption disorders, 255-265 
Malabsorption syndrome, 255-256 
Malnutrition, 6, 52, 207-208 
manifestations, 208-209 
Manganese, 119 
dietary sources of (table), 119 
Mastication, 8 
Measurements, conversion to 
values (table), 400 
Meat extractives, 11 
Meats, composition, 412-415 
nutritional characteristics, 139, 140 
Megaloblastic anemia, of infancy, 97 
of pregnancy, 97 
Menadione, 82 
(See also Vitamin K) 


metric 


- Metabolic disorders, congenital, 311-316 


Metabolism, cellular, 18-19 
of proteins and amino acids, 43-45 
(See also Basal metabolism ) 
Meulengracht diet, 244 
Milk, cow’s, average composition of 
(table), 163 
digestibility of, 164 
evaporated, in infant feeding, 164 
human, average composition of (table), 
163 
Milk modifiers, 165 
Milk proteins, 140-141, 362 
role in allergy, 362 
Mineral elements, interrelationships, 106 
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Mineral oil, 75, 78, 82 
Minerals, absorption of, 17 
Minimum Daily Requirements, U.S. Food 
and Drug Administration, 132 
Molybdenum, 120 
Monoglycerides, 14, 64 
Monosaccharides, 13, 55 
absorption of, 17 
Mucin, 11, 42 
Mucosal barrier, 17, 42, 65 
Mucoviscidosis, 264 
dietary regimen, 264 
Mushroom poisoning, 379 
Mussel poisoning, 378 
Myocardial infarction, 282-283 


Nephrotic syndrome, 295, 297, 299 
dietary regimen, 298-299 
Neurologic disorders, 326-330 
Neutrality regulation, 23-24 
Niacin, 15, 88-90 
chemistry, 88 
deficiency, 89, 215-218 
encephalopathic syndrome of, 217 
encephalopathy, treatment, 327 
etiology, 215-216 
prophylaxis, 218 
role of tryptophan in, 215-216 
signs and symptoms, 216, 217 
treatment, 217, 218 
dermatologic aspects, 337 
formula, 88 
metabolic role and physiology, 89 
requirements, 90 
sources, 89-90 
synthesis from tryptophan, 89-90 
therapeutic dosages, 217-218 
Niacin content of foods (table), 402-425 
Niacinamide, 88 
(See also Niacin ) 
Night blindness, 75, 209 
Nitrogen balance, 51 
Nitrogen equilibrium, 51-52 
Nitrogen retention, 294-295 
Nonessential amino acids, 45 
Nontropical sprue, 259 
dietary treatment, 259 
Nucleic acids, 42 
Nucleoproteins, 22, 42 
Nucleotides, 13, 22 
Nursing (see Breast feeding ) 
Nutrition, in childhood and adolescence, 
177-182 
and dental health, 189-192 
in emergencies, 367-373 
in infancy, 159-171 


in old age (see Geriatric nutrition ) 


Nutrition, past, present, and future, 393- 
394 


postoperative, 347-351 
in pregnancy and lactation, 151-158 
preoperative, as related to surgical risk, 
344-345 
progress through technology, 386-387 
in relation to community health, 388- 
894 
in relation to work output, 389 
in surgery, 344-351 
Nutrition education, 7, 392 
efforts abroad, 391 
media of, 393 
Nutritional characteristics, alcohol, 145 
cereal and cereal products, 141-142 
coffee and tea, 145 
eggs, 141 
fats and oils, 144 
fish, 140 
food groups, 139-145 
fruits, 144 
meats, 139, 140 
milk and milk products, 140-141 
nuts, 143-144 
poultry, 140 
sea foods, 140 
sugars and sweets, 144 
vegetables, 142-143 
Nutritional deficiencies, 207-224 
Nutritional macrocytic anemia, 97 
Nutritional rehabilitation of starvation 
victims, 372-373 
Nutritional requirements, 7, 129-138 
individual variations in, 135-138 
in industrial workers, 389-391 
in infancy, 159-161 
in pregnancy (maternal and fetal), 
152~—155 
Nutritional status, evaluation of, before 
surgery, 345-346 
in relation to surgery, 344-345 


Obesity, 4, 5, 6, 193-203 
in adolescence, 175 
in the aged, 184-185 
B.M.R. in, 30 
causes of, 193-194 
dermatologic aspects, 338 
disadvantages of, in surgery, 345 
and exercise, 196 
“familial,” 193 
and health, 193 
prevention of, 199-200 
in relation to congestive failure, 285 
in relation to coronary atherosclerosis, 
981-282 
in relation to hypertension, 286 
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Obesity, skinfold thickness in, 203 
treatment of, 195-199 
psychiatric support, 198-199 
Old age (see Geriatric nutrition ) 
Omega oxidation theory of fat degrada- 
tion, 67 
Ornithine cycle (diagram), 44 
Osmotic equilibrium, 21 
Osteoarthritis, 309-310 
weight reduction in, 310 
Osteomalacia, 78, 108, 109, 210-212 
Osteoporosis, 109, 185 
Overeating, motives for, 194-195 
Overweight (see Obesity ) 
Oxaluria, 304 


Pancreas, 12 
carcinoma of the head of, dietary regi- 
men, 265 
Pancreatic amylase, 13, 56 
Pancreatic disorders, 255, 263, 264 
Pancreatic dysfunction, 75, 78, 82 
Pancreatic lipase, 14, 64-65 
Pancreatic secretions, 12-13 
Pancreatitis, chronic interstitial, dietary 
regimen, 265 
Panhypopituitarism (see Pituitary de- 
pression ) 
Pantothenic acid, 94-96 
chemistry, 94 
deficiency, 95 
in foods (table), 96 
formula, 94 
metabolic role and physiology, 94 
requirements, 95 
sources, 95 
Paracasein, 11 
Parenteral feeding, after burns, 353 
postoperative, 347 
preoperative, 346 
Parenteral fluids, routes of administration, 
340 
Parenteral nutrition, principles of, 339- 
343 
Parenteral vitamin supplementation, 342- 
348 
Pellagra, 89, 216-217 
encephalopathy of, 326-327 
treatment, 327 
(See also Niacin, deficiency ) 
Pepsin, 11 
Peptic ulcer, 240-241 
treatment, 240-241 
Peptidases, 13 
Peptides, 12, 18 
Peptones, 11 
Peristalsis, 10, 15 
Pernicious anemia, 101, 329 


Perspiration, excessive, 21 
Phenylalanine, 12, 31 
Phenylalanine-free preparations, 312 
Phenylalanine restriction, 312 
Phenylketonuria (phenylpyruvic oligo- 
phrenia ) 311-313 
dietary treatment, 312-313 
results, 313 
metabolic defect, 311 
Phosphatases, 13 
Phospholipid synthesis, 67 
Phospholipids, 62, 64-67 
Phosphorus, 23, 24, 25, 110-111 
absorption, 110 
in blood, 110 
excretion, 110 
functions, 110 
Phosphorus content of foods (table), 
402-425 
Phytic acid, 108 
Pica, 7, 
Pituitary depression in prolonged starva- 
tion, 331, 373 
Plant proteins, biologic value of, 47, 50 
Plasma proteins, 22, 43, 66 
Poisoning (see Food poisoning ) 
Poisonous plants, 378-379 
Polypeptides, 12, 13, 41-42 
Polysaccharides, 55 
Portal cirrhosis (see Cirrhosis, alcoholic) 
Postcholecystectomy syndrome, 273 
Postoperative feeding, 347-351 
oral, 348 
parenteral, 347 
time table, 348 
Postprandial blood sugar, 57 
Postprandial hyperlipemia, 66 
relation to coronary occlusion, 283 
Potassium, 123-124 
deficiency, 124 
requirements, 124 
Potassium content of foods (table), 402- 
425 


- Pregnancy, cravings of, 7 


dietary recommendations in, 155—156 
nutritional status, role of, 151 
weight gain in, 152 
Preoperative dietary routine, 346-347 
Proprietary infant formulas, 165—166 
Protein, body, excessive breakdown of, 52 
Protein anabolism, 51—52 
Protein catabolism, 51-52 


Protein content of foods (table), 402- 
425 

Protein malnutrition, 53 

Protein sparing, 60 

Protein supplementation with specific 


amino acids, 51 
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Protein synthesis, 51 
Proteins, 41-54 
absorption of, 42 
biologic value of, 46, 47, 50 
caloric yield of, 26 
composition of, 41-42 
deficiency, 51-53 
dermatologic aspects, 336 
digestibility of, 47 
mutual supplementation of, 50-51 
nutritive value of, 47 
physical qualities of, 42 
properties of, 41-42 
sources of, 54 
structure of, 41-42 
Proteoses, 11 
Prothrombin, 15 
Provitamins, 74 
Psychiatric disorders, 330-334 
dietary considerations in, 330-331 
malnutrition in, 330 
Psychiatric support in weight reduction, 
198-199 
Psychologic aspects of food intake, 5-6, 
330 
Psychologic obesity, 195 
Psychology of appetite, 5-6 
Ptyalin, 8, 11, 56 
Public health nutrition, 388-389 
practical aspects, 388-389 
Purines, foods high in, 306 
foods low in, 307 
foods with moderate content of, 306 
Pyloric obstruction, 244 
Pylorospasm, 244 
Pyridoxine, 90-92 
chemistry, 90 
deficiency, 91, 137-138 
convulsions of, 329 
dermatologic aspects, 337 
formula, 90 
metabolic role and physiology, 91 
in selected foods (table), 92 
sources and requirements, 91-92 
Pyruvic acid, 59 


Rachitic metaphysis, 78 

Radiation injury (see Burns and _ radia- 
tion injury ) 

Radiation preservation of foods, 384 

Radioactive contamination of foods, 371- 
372 

salvage in, 371 

Recommended calorie allowances, 36-37 

Recommended daily dietary allowances, 
Food and Nutrition Board (tables), 


130 


Recommended protein allowances, 53 
Reducing diets, 6, 196-198 
(See also Obesity ) 
Regional ileitis, 253-254 
Renal disease, dietary considerations in, 
294-304 
general principles of dietary control, 
294 


high protein intake, 295 
protein restriction, 294~295 
sodium restriction, 296-297, 299-302 
Renal insufficiency, 294-295 
Rennin, 11 
Respiratory quotients, 26-28 
nonprotein, in relation to fat and 
carbohydrates (table), 28 
Rhodopsin, 74 
Riboflavin, 86-88 
chemistry, 86 
deficiency, 87, 218-219 
etiology, 218 
signs and symptoms, 218-219 
treatment, 219 
dermatologic aspects, 336-337 
formula, 87 
metabolic role and physiology, 87 
requirements, 88 
sources, 87 
synthesis by intestinal bacteria, 87 
Riboflavin content of foods (table), 402— 
425 
Rickets, 77-78, 211-212 
Roughage, 17, 56 


Saliva, 8 
Salivary digestion, 10 
Salmonellosis, 374—375 
(See also Bacillary dysentery ) 
Salt depletion (see Sodium chloride de- 
pletion ) 
Satiety, physiology of, 3-5 
Satiety center, 4 
Saturated fats (see Fats ) 
Saturated fatty acids, 63, 69-70 
School Lunch Program, Federal, 391-392 
nutritional requirements, 391 
Scurvy, 104 
classical, 219—220 
infantile, 219—220 
(See also Vitamin C, deficiency ) 
Shigellosis (see Bacillary dysentery ) 
Sippy diet, 240 
Skin disorders, relation to nutrition, 335- 
338 
Sodium, 123 
depletion, 123, 292-293 
requirements, 123 
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Sodium, restriction, in cirrhosis with 
ascites, 271-272 
precautions with, 292-293 
(See also Diet, sodium restricted ) 
Sodium chloride depletion, 123, 292-293 
Sodium content of foods (table), 402— 
425 
Sodium glycocholate, 14 
Solutions for parenteral feeding, 340-342 
Specific dynamic action of foods, 31 
Sprue, 75, 78, 82, 255, 258-263 
conventional basic diet, food pattern, 
260 
sample menu, 261-262 
conventional full diet, food pattern, 
261 
sample menu, 262-263 
conventional transition diet, 260 
dietary treatment, 259-263 
Staphylococcus enterotoxin poisoning, 376 
Starch, 8, 13, 55, 56 
caloric yield of, 25 
Starvation, B.M.R. in, 30 
prolonged, nutritional 
after, 372-373 
recovery from, 373 
Starvation neurosis, 6 
Steapsin, 64 
Steatorrhea (see Idiopathic steatorrhea ) 
Stockpiling of foods for emergency use, 
370-371 
Stomach, emptying time, 70 
physiology, 10-11 
Succus entericus, 13 
Sucrose, caloric yield of, 25 
Surgery and surgical conditions, nutritive 
considerations, 344-354 
Surgical risk, role of nutrition in, 344-345 


rehabilitation 


Tables of food composition, conversion 
equivalents, 400 
signs and symbols used, 400 
Taurocholate, 14 
Temperature regulation, 31 
Thiaminase disease, 15 
Thiamine, chemistry, 84-86 
deficiency, 85, 213-215 
etiology, 213-214 
neurasthenia of, 214, 328 
neuritis of, 214 
polyneuritis, 328 
prophylaxis, 215 
signs and symptoms, 214 
treatment, 215 
dermatologic aspects, 336 
formula, 84 
losses during cooking, 85-86 


Thiamine, metabolic role and physiology, 
84 
requirements, 86 
sources, 85 
storage, 84 
synthesis by intestinal bacteria, 86 
therapeutic dosages, 215 
Thiamine content of foods (table), 402- 
425 
Thirst, 8, 20, 21 
Thyroid hormone, 116 
synthesis, 116 
Tissue repair after trauma, 351 
Tocopherol (see Vitamin E ) 
Tooth decay, contemporary concept of, 
189-190 
prevention with fluorides, 121-122 
(See also Dental health ) 
Transamination, 44-45 
Transportation of nutrients, 18 
Trauma, healing of, and nutritional status, 
351-352 
Trichinosis, 376-377 
Trypsin, 12 
Trypsinogen, 12 
Tube feeding, 228-229 
formula for, 228-229 
indications, 228 
Tuberculous enteritis, 254 
Tyrosinase (polyphenol oxidase), 114 


Ulcerative colitis (see Chronic ulcerative 
colitis ) 

Undernutrition, 31 

basal metabolic rate in, 30 
Underweight, 200-202 
Urea, 45 

formation (diagram), 44 
Urinary calculi (see Kidney stones) 
Urine, excretion of, 23 


Visual purple, 74 
Visual white, 74 


. Vitamin A, 73-76 


absorption, 75 

chemistry of, 73, 74 
deficiency (see Avitaminosis A ) 
dermatologic aspects, 336 
formula of, 74 

overdosage, 75 

physiology, 74 

recommended allowances, 76 
requirements, 76 

sources of, 75-76 

stability, 76 

standards, 76 

storage, 75 

therapeutic dosages, 210 
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Vitamin A content of foods (table), 402- 
425 
Vitamin Bis, 15, 100-102 
absorption, 101 
chemistry, 100 
deficiency, 101 
in foods (table), 102 
formula, 100 
metabolic role and physiology, 100- 
101 
requirements, 102 
sources, 102 
in synthesis of nucleoproteins, 101 
Vitamin C, 102-105 
deficiency, 191, 219-221 
etiology, 219-220 
prophylaxis, in adults, 221 
in infants, 221 
signs and symptoms, 220 
treatment, 221 
dermatologic aspects, 337 
(See also Ascorbic acid ) 
Vitamin D, 64, 77-80 
absorption and storage, 78 
chemistry, 77 
formula of, 77 
deficiency, 77-79, 191, 210-213 
etiology, 210 
primary, 211 
prophylaxis, 212-213 
secondary, 211 
signs and symptoms, 211 
treatment, 212-213 
dermatologic aspects, 337 
in foods (table), 80 
in milk, 79-80 
overdosage, 78 
physiology, 77 
prophylactic dosages, 212-213 
recommended allowances, 79-80 
requirements, 79-80 
standards, 79-80 
storage, 79 
therapeutic dosages, 212 
Vitamin E, 80-81 
absorption, 81 
chemistry, 80 
deficiency, 81 
in foods (table), 81 
formula, 80 
physiology, 81 
sources, 51 
storage, 81 
Vitamin K, 15, 82-83 
absorption, 82 


Vitamin K, deficiency, 82 
role in wound healing, 352 
dermatologic aspects, 337 
in foods (table), 83 
formula, 82 
physiology, 82 
sources, 82-83 
storage, 82 
Vitamins, B complex, 15 
dermatologic aspects, 336 
fat soluble, 72-83 
absorption of, 65 
nature of, 72 
nomenclature and grouping, 73 
water soluble, 73, 84-105 


Water, 124-125 
requirements, 124, 125 
Water balance, 20-21 
Water content of foods (table), 402-425 
Water depletion, 20 
Weight, and caloric intake, 202-203 
and height, of boys from 2 to 5 years 
(table), 177 
of boys from 5 to 18 years (table), 
179-180 
of girls from 2 to 5 years (table), 
178 
of girls from 5 to 18 years (table), 
181-182 
and length, of boys from birth to 2 
years (table), 169 
of girls from birth to 2 years (table), 
170 
tables, for adults, 201 
for children and adolescents, 177- 
182 
for infants, 169-170 


Weight reduction, 6 
ancillary measures in, 199 
(See also Obesity; Reducing diets ) 
Wernicke’s encephalopathy, 327-328 
dietary regimen, 327-328 
Wernicke’s syndrome, 214-215 
Wilson’s disease, 315-316 
dietary treatment, 315-316 
metabolic defect, 315 
Wound healing, relation of nutrition to, 
351-352 


Xerophthalmia, 209 


Zinc, 118-119 
dietary sources of (table), 118 
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